VOLUME 69 January, 1954 NUMBER } 


THE AMERICAN REVIEW 
TUBERCULOSIS 


A Journal of Pulmonary Diseases 


OFFICIAL JOURNAL OF AMERICAN TRUDEAU SOCIETY 
MEDICAL SECTION OF NATIONAL TUBERCULOSIS ASSOCIATION 


CONTENTS 


tic and Toxic Effects of Combinations of Isoniazid, Streptomycin, 
lic Acid. United States Public Health Service Cooperative Investi- 


Combined Rest and spaercise in the Treatment of Minimal Tuberculosis. A Follow-up Study 
of One to Thirty Years. Enwarp N. Packaxp anv Paut F. Fiyxn 
Daily Oxytetracycline agg and Intermittent Streptomycin in the Treatment of 
Pulmonary Tuberculosis. An Investigation of the Administration of Two Grams of Oxy- 
tetracycline Daily. Franx L. Mirier, James H. Sanps, Liovp J. Grecory, Joun A. 
Hicutower, OrMAN L. WEISER, AND Cart W. 58 
Streptomycin and Oxytetracycline (Terramycin) in the Treatment of Pulmonary Tuberculosis. 
Exot ROTHSTEIN AND MAURINE JOHNSON 65 
An Evaluation of Factors Affecting the Alveolar-Arterial Oxygen Tension Gradient in 
Disease. Lercuton L. ANDERSON, J. CARROLL BELL, anp S. GILBERT 
LOUNT, JR 1 
The Prognosis of Sarcoidosis. Davip T. Carr anp Rosert P. Gace. 
Ulceration of the Bronchial Stum 
Detection of Small Numbers of Tubercle Bacilli in Treated Specimens. Comparison of Mice, 
Guinea Pigs, and Artificial Media. Davm F. Gray,'BarsBara L. CLARKE, AND MAnyjorie 
W. MatTinson 
On the Quantitative Evaluation of the Activity of Antituberculous Drugs in Experimental 
Mouse Tuberculosis. 
Case Reports: 


Editorial; Pneumo Induction by Lung or “Orthodox” Technique? CONSTANTINE 


Notes: The Effect of Isoniazid on Growing and Resting Tubercle Bacilli. Wenwer B. Scuarrer. 125 
Correspondence: Procedure with Negative Cultures for Tubercle Bacilli. 


Books 
American Trudeau Society : 
1953-1954 Organization and Committee Structure 
Education and the Role and Responsibility of the Committee on Medical Education. . 


50th ANNUAL MEETING 
NATIONAL TUBERCULOSIS ASSOCIATION 
ATLANTIC CITY, N. J. — MAY 17-21, 1954 
See inside back cover 


Published Monthly at Mount Royal and Guilford Avenues, Baltimore 2, Maryland, by 
the National Tuberculosis Association « Business Off, 1790 Broadway, New York 19, N.Y. 
Copyright 1954, by the National Tuberculosis Association 


PRINTED IN U. 5. A. 


Progress Report on r 
and Para-Aminosalicy 
of Antimicrobia. erapy of Tuberculosis 
: The Results of Treatment of 549 Cases of Tuberculous Meningitis. Joun Lonper.......... 13 
The Unhospitalized Tuberculous Patient. A. B. Ropms, H. Apetes, A. D. Czaves, M. H. 
Arnonsoun, J. Brever, D. WmeLock, AND L. PEIZER......... 1 
The After-History of Pulmonary Tuberculosis. I. Methods of Evaluation. Enwarp B. Boswortu 
128 
129 
131 
143 


THE AMERICAN REVIEW OF TUBERCULOSIS 
A Journal of Pulmonary Diseases 


OFFICIAL JOURNAL OF AMERICAN TRUDEAU SOCIETY 
Medica! Section of National Tuberculosis Association 


WALSH McDERMOTT 
CONSULTING EDITOR New York, N. Y. EDITOR OF ABSTRACTS 


ESMOND R. LONG LAWRENCE B. HOBSON 


Philadelphia, Pa. New York, N.Y. 
Helen W. Miller, Editorial Secretary 


EDITORIAL BOARD 
William H. Feldman, D.V.M. Max B. Lurie, M.D. Philip E. Sartwell, M.D. 
Rochester, Mino. Philadelphia, Pa. Baltimore, Md. 
Byron F. Francis, M.D. Donald L. Paulson, M.D. ohn W. Strieder, M.D. 
Seattle, Wash. Dallas, Tex. 


Daniel E. Jenkins, M.D. Sidney Raffel, M.D. Ralgh Tempest, MD. 
York, N. Y. 


BUSINESS MANAGER 
HENRY W. STEVENS 


NOTICE TO SUBSCRIBERS AND CONTRIBUTORS 


Tue American Review or Tusercutosis is published by the National Tuberculosis Association 
and issued monthly about the first of the month. Taz American Review or Tusercucosis is the 
official journal of the American Trudeau Society. A volume includes six numbers and begins with the 
January and July numbers. 

Subscription: The subscription price of the Review is $12 for the calendar year. Checks should be 
made payable to Collier Platt, Treasurer. The price of single copies is $1.50 postpaid. 

Character of the Review: The Review invites the submission of original manuscripts on any phase of 
tuberculosis, nontuberculous pulmonary diseases, and related subjects of interest. 


MANUSCRIPTS 


Contributors are requested to ney pestenies attention to the following rules governi epening On 
tate Pailure to follow these rules is a frequent cause of delay in publication 

Man should be sent in duplicate to the office of the Editor, Dr. Walsh McDermott 1790 
Broadway, New York 19, N. Y., mailed flat, and transmitted by first-class mail with postage for re- 
turn if not acceptable. They should be in English, ey ee t ritten on one side of the page 
with wide margins. Tabular data should not be included in text but should be presented in separate 
tables with appropriate rellerence in the text. All cases of pulmonary tuberculosis should be classified 
according to 1950 edition of Diagnostic Standards and Classification of Tuberculosis published by 
the National Tuberculosis Association. All case reports should be written in complete sentences. Au- 
thors should exercise particular care in the preparation, notation, and description of figures and tables. 
The form of reference used in the Review should be carefully followed and references should be 
checked for accuracy. Each table must be accompanied by a descriptive title and a suitable legend 
must be provided for each figure. Drawings must be made with india ink and all lettering should be 
made wit. a stencil. The quality of the reproduction of a roentgenogram depends upon both the quality 
of the original picture ona of the glossy print obtained from photographing that picture. If a contrib- 
utor does not have facilities available, preparation of figures or reproduction of roentgenograms may 
be handled through the Review office. In those circumstances, the contributor should supply a neat, 
properly proportioned, and suitably entitled drawing or the original roentgenogram, and will be ex- 
pected to defray the cost of these services. 

The publishers will not be responsible for manuscripts, illustrations, etc., lost in transit. In order 
to save expense for authors’ corrections in proof, manuscripts should be carefully revised by the author 
before submission. 

Reprints: Fifty reprints without covers of articles will be furnished to authors free of charge when 
requested in advance. Additional reprints may be ordered. 

Advertising: Rates will be furnished by Taz American Review or Tusercv.osis, 1790 Broadway, 
New York 19, N. Y. on request. 

The Publishers reserve right to decline an Y Ape ne Ce Acceptance of an advertise- 
ment does not constitute official endorsement of advertised. 


Eatered as second-class matter March 9, 1917, at the post office at Baltimore, Md., under the Act of August 24, 1912. Acceptance for 
mailing at a special rate of postage provided for in yection 1103, Act of October 5, 1917. Authorized on July 2, 1918. 


EDITOR 
| 
| 
here 


THE AMERICAN REVIEW OF TUBERCULOSIS 
New principle 
in 


Streptomycin Therapy 


The hazard of ototoxicity is greatly reduced by 
combining equal parts of streptomycin sulfate 
and dihydrostreptomycin sulfate. The patient 
thus gets only half as much of each drug. The 
risk of vestibular damage (from streptomycin) 
and of hearing loss (from dihydrostreptomy- 


cin) is greatly reduced. Therapeutic effect is 
undiminished. This principle has been demon- 
strated in both animals and man. In patients 
treated for 120 days with 1 Gm. per day of the 
combined drugs, the incidence of neurotoxicity 
was practically zero. 


Cat treated with streptomycin is ataxic, 


DISTRYCIN 


(di-STRI-sin) 


Cat treated with the same amount of 
streptomycin-dihydrostreptomycin has 
normal equilibrium. 


Squibb Streptomycin Sulfate and 
Dihydrostreptomycin Sulfate in equal parts 


FOR GREATER SAFETY IN COMBINED ANTIBIOTIC THERAPY 
These new formulations embody this new principle: 


DISTRYCIN 


DICRYSTICIN DICRYSTICIN FORTIS | DISTRYCILLIN AS. 


0.5 
0.5 


Streptomycin sulfate, Gm. 
Dihydrostreptomycin sulfate, Gm. 
Procaine penicillin G, units 


Potassium penicillin G, units 


0.5 
0.5 


0.25 
0.25 
300,000 300,000 


100,000 100,000 
(All supplied in 1 and 5 dose vials) 


0.25 
0.25 
400,000 


‘Distrycin’ and ‘Dicrysticin’ are registered trademarks; 
*Distrycillin’ is a trademark, 


SQUIBB 


a leader in the research and manufacture 
of penicillin and streptomycin 
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| | EASY TO STORE 
| 


The one-piece Twinlock Spu- 
tum Cups are shipped flat for 
ease in storage and handling. 
This same method of shipping 
and storing flat protects the 


cups from crushing and as- 
sures cleanliness. 


EASY TO FOLD 


No clips, pins or other fasten- 


ing devices are needed to 
assemble Twinlock Sputum 


Cups. One-piece and leak- 
proof, they are easily folded 
into shape and secured by 


means of ingeniously designed, 
cover-locking tabs. 
FIT STANDARD HOLDER 
" Although Twinlock Sputum Cups 
Wil require no holder, the "Wright- 


\ lock,” non-tipping Sputum Cup 
Holder provides a handy, sani- 
More and more hospitals —_ tary and easily sterilized hold- 
and sanatoria are recog- er handle combination for 
nizing the outstanding ad- these Burnitol Cups. 


vantages of Burnitol Sputum 

Cups. Simple to store, as- 

semble and use, Burnitol [ / / FULLY BURNABLE 
Products offer the utmost in y) L) al Both cup and contents may be 
sanitation because with disposed of quickly, conven- 
Burnitol you burn it all. iently and with the utmost in 


Write today for samples. hh 4 sanitary protection by burn- 
ing. Holders, if used, are 


easily sterilized. To be certain 
— Burnitol! 


_ MANUFACTURING CO. 
32 SULLIVAN SQUARE, BOSTON 29, MASS. 
Canada: Stovel-Advocate Press Limited, Winnepeg, Manitoba 
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advance 
the 
tuberculosis 


‘¥oORO COMB NATI 


Available 

in vials of 1 Gm 
and 5 Gm., dry 
powder for 
preparation of 
solutions for 
intramuscular 


injection 


also, 


Drug therapy for the 
management of tuberculosis 
continues to advance at a rapid 
pace. In keeping with the 
latest improvement — which 
promises a substantially 
lower incidence of vestibular 
and auditory toxicity — Pfizer 
has made available a new 
combination of streptomycin 
and dihydrostreptomycin 


* 
rep 

J | 
Recent clinical studies! have 
shown that such a combination, 
one-half streptomycin and 
one-half dihydrostreptomycin, 
gave rise to a significant 
reduction in neurotoxic side 
effects as compared to equivalent 
dosage of either drug used 
alone, even though administered 
over the prolonged treatment 
periods required for the 
control of tuberculosis. 
Combistrep offers these benefits 
to the tuberculous patient 
with the further assurance that 
its purity is of the same high 
standard typical of all 
Pfizer pharmaceuticals. 


Streptomycin Sulfate dry powder and solution 


Dihydrostreptomycin Sulfate — ary powder and solution 


Streptohydrazid —a crystalline compound combining streptomycin and isoniazid 


Cotinazin > _ brand of isoniazid 


* 
Viocin Sulfate —brand of viomycin, for resistant cases of tuberculosis 


Pfizer) Pfizer Laboratories, pivision, CHAS. PFIZER & CO., INC., BROOKLYN 6, IY. 
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Fortieth Session: 


TRUDEAU SCHOOL OF TUBERCULOSIS 


AT SARANAC LAKE, N. Y 


In June, 1954 


Four Weeks, Course Beginning 
JUNE IST 


Schedule of Instruction includes the history, etiology and epidemiology ; 
pathology, bacteriology, physiology and biochemistry; clinics and 
bedside teaching, including surgical and special treatments; fungus 
infections; pneumoconioses; pulmonary tumors, and differential di- 
agnosis of other lung disorders. 


Clinical Facilities Available: Trudeau Sanatorium, Ray Brook State 
Hospital, Stony Wold Sanatorium, Will Rogers Memorial, Sana- 
torium Gabriels, V. A. Hospital at Sunmount, N. Y., and the 
General Hospital of Saranac Lake (chiefly surgical). 

Research Facilities Available: Saranac Laboratory; Trudeau Labora- 
tory; Physiology and Biochemistry Laboratories; Ray Brook State 
Hospital Laboratory, and the X-Ray Laboratories of Trudeau, Ray 
Brook and Stony Wold Sanatoriums. 

Lectures, Demonstrations and Conferences conducted by the Staffs and 
other experienced local clinicians. By invitation, recognized authori- 
ties give lectures on specific subjects. 

Students Participate Actively in the study and discussion of cases. 

Fee for Four Weeks’ Course is $100.00, The Trudeau School has been 
approved for training under Public Laws, and those desiring such 
an arrangement should clear their registration with the Veterans 
Administration before the session opens. The class is limited, there- 
for early application is advised. A few scholarships are available. 

Note: Since 1939 the Trudeau School has been supported by grants 
from the Lillia Babbitt Hyde Foundation, of which Mr. Charles C. 
Harris is President. 


For Schedule and other information write to 


Secretary, TRUDEAU SCHOOL, Saranac Lake, N. Y. 
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Vitiomycin 
Sulfate 


“a third potent tuberculostatic agent’! 


now availableas Wimactan 
Sulfate 


Viomycin Sulfate Ciba 


e Active even when bacillary resistance to 
streptomycin or isoniazid has developed 


e Side effects rare and generally mild in thera- 
peutic dosage 


e Especially recommended in combination 


ok with PAS or other antituberculous antibiotics 


Supplied as sterile vials: The equivalent of 1 
aceeain Gram viomycin base as the sulfate. 


Ciba R h 1. Hobby, G. L., Lenert, T. F., Rivoire, Z. C., Donikian, M., and Pikula, D.: 


Am. Rev. Tuberc. 67:808, 1953. 


Detailed literature sent on request of physicians 


- 
5 
Laboratories 
Ab 
Ciba Pharmaceutical Products, Inc., Summit, N. J. i 
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ee SINGLE DOSAGE FORM 


Each BUFFERED PARASAL-INH tablet ~s BOTH PAS AND INH 
contains 0.5 Gm. PAS ond 12.5 mg. INH 


Besage EFFECTIVE because combination BUFFERED 
Teta! Daily Teblet intake Total Doily Yield PARASAL-INH therapy both diminishes 


BUFFERED PARASAL.INH Pas isoniazid 


24 Tablets 
20 Tablets 


ECONOMICAL and CONVENIENT because 

equmgetmeecnen : 40% FEWER TABLETS are required. 17 

BUFFERED PARASAL-INH tablets re- 

place 28% tablets (24 tablets sodium PAS 
0.5 Gm. plus 4% tablets INH 50 mg.). 


and postpones development of resistance. 


WELL TOLERATED because UNIQUE 
BUFFER incorporated in each tablet vir- 
tually prevents GI upset even in cases in- 
tolerant to ordinary sodium PAS and INH 
taken separately. Sodium and sugar free. 


Write for samples, literature, complete information 


{ CORP. 


D 1959 The Ponrey Corp.. Now York 340 CANAL STREET, N.Y.13, N.Y. 
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Get set for 
precise body-section 


radiography 


in less than 
2 minutes! | 


G-E ORDOGRAPH — with its exclusive hydraulic 


drive — assures superior definition 


ERE’S the only table-attached apparatus that 
provides complete facilities for body-section 


radiography. The patient can be standing, sitting, Look at the range of plane thicknesses 
lying or in decubitus positions possible with ORDOGRAPH 


Occupying unused space in back of your x-ray 


table, ORDOGRAPH can be brought into use in Vasgehtiien Distance 
less than two minutes. That means you don't 30” 40” 4a” 
have to arrange special schedules for body-section 
work. Change-over when you need it. Amplitude mm mm alae 
Smooth hydraulic drive 15” 1.0 12 16 
Exclusive G-E hydraulic drive eliminates the 14" LP 2.2 2.9 
problem of erratic motion. Smooth, uniform mo- 13” 1.25 2.45 3.2 
tion makes possible films of superior definition. 12” 1.4 2.8 3.4 
And, because exposure is initiated and terminated - 
automatically by the drive, exact coordination is W 1.6 3.0 3.7 
achieved 10” 1.8 3.3 4.0 
What's more, ORDOGRAPH brings unequalled 9” 2.1 3.6 44 


ease and flexibility to all technics. Exposures can 
be varied from 1.2 to 7 seconds for any plane 
thickness shown in the table 

Ask your G-E x-ray representative for complete You can put your confidence in — 
information on ORDOGRAPH. Or write X-Ray 
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Letter from the Editors 


Again this past year the Editors and members of the Editorial Board have called upon 
many of their colleagues and others especially qualified to review certain manuscripts 
submitted to the Review for publication. They are most grateful for the help given them 
by those whose names are listed below. 


Beatrice 
E. T. Bew 
Aaron D. Cuaves 
Quin B. DeMarsu 
Joun Draper 
J. Dusos 
Ropert Esert 
ABRAHAM FaLk 
Georee Gomori 
FRANK GRAY 
H. Joe. Gaiperz 
Ben I. Hever 
James G. Hirascu 
Tuomas Hotmes 
Hupson 
ELeanorn HumpHrReys 
Autrrep G. Karson 
ALEXANDER D. 
LANGMUIR 
Cuaries LeMaistre 
M. Lincoun 


Ropert M. McCung, Jr. 


Frank E. MarTIN 
Roger 8. 
Car. MuscHENHEIM 
CyntTuia Pierce 
FLorenNce B. Seipert 
Ropert Suaw 
Freperick C. WARRING 
CHARLES WERNER 
Dinan YEGIAN 


New York Hospital—Cornell University Medical College 
Veterans Administration Hospital, Minneapolis 

New York City Department of Health 

Seattle, Washington 

New York Hospital—Cornell University Medical College 
Rockefeller Institute for Medical Research, New York 
University of Chicago 

Veterans Administration Hospital, Minneapolis 
University of Chicago 

Yale University, New Haven 

New York Hospital—Cornell University Medical College 
Veterans Administration Hospital, Minneapolis 

Veterans Administration Hospital, Minneapolis 
Rockefeller Institute for Medical Research, New York 
University of Washington, Seattle 

Tuberculosis and Health Association of the Territory of Hawaii 
University of Chicago 

Mayo Clinic, Rochester, Minn. 

Public Health Service, Atlanta, Georgia 


New York Hospital—Cornell University Medical College 
Children’s Chest Clinic, Bellevue Hospital 


New York Hospital—Cornell University Medical College 
Veterans Administration Hospital, Minneapolis 

Trudeau Sanatorium, Trudeau, New York 

New York Hospital—Cornell University Medical College 
Rockefeller Institute for Medical Research. New York 
Henry Phipps Institute, Philadelphia 

Dallas, Texas 

Laurel Heights Sanatorium, Shelton, Conn. 

Chas. Pfizer & Co., Inc., New York 

Ray Brook Tuberculosis Hospital, Ray Brook, N. Y. 
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PROGRESS REPORT ON THERAPEUTIC AND TOXIC EFFECTS OF 
COMBINATIONS OF ISONIAZID, STREPTOMYCIN, AND 
PARA-AMINOSALICYLIC ACID 


United States Public Health Service Cooperative Investigation of Antimicrobial 
Therapy of Tuberculosis’ 


(Received for publication October 19, 1953) 


INTRODUCTION 


In the first of the Public Health Service studies of isoniazid in the treatment 
of pulmonary tuberculosis, physicians in twenty-two hospitals throughout the 
country treated 1,500 patients for forty weeks: one-third with 3 to 5 mg. per kg. 
of isoniazid daily, one-third with that dose of isoniazid plus streptomycin, and 
one-third with streptomycin plus para-aminosalicylic acid (PAS). Under rigidly 
controlled test conditions, isoniazid alone was approximately equal to strepto- 
mycin plus PAS, while the combination of isoniazid plus streptomycin was 
slightly superior to both. Throughout treatment, more patients who received 
isoniazid plus streptomycin showed clinical and roentgenographic improvement 
and appreciably fewer continued to produce sputum positive for tubercle bacilli. 


' Report prepared by Shirley H. Ferebee and Dr. Frank W. Mount, and presented by 
Dr. Harold G. Curtis on October 15, 1953, at the Mississippi Valley Conference on Tuber 
culosis, Minneapolis, Minnesota; by Dr. Alfred Goldman on November 18, 1953, at the St. 
Louis Society of Internal Medicine, St. Louis, Missouri; and by Dr. H. M. Payne on No- 
vember 10, 1953, before the Medical Society of Puerto Rico, San Juan, Puerto Rico, for the 
following clinical investigators: Drs. F. H. Alley, E. P. Bowerman, and 8. C. Carter, Ten 
nessee State Tuberculosis sanatoriums at Memphis and Oakville, Tenn.; Dr. C. A. Brasher, 
Missouri State Sanatorium, Mount Vernon, Mo.; Dr. P. T. Chapman, Herman Kiefer Hospi- 
tal, Detroit, Mich.; Dr. 8.8. Cohen, Glen Lake Sanatorium, Oak Terrace, Minn.; Dr. R. F. 
Corpe, Battey State Hospital, Rome, Ga.; Dr. Harold G. Curtis, Sunny Acres Tuberculosis 
Hospital, Cleveland, Ohio; Dr. R. J. Davies, Firland Sanatorium, Seattle, Wash.; Drs. 
Alfred Goldman, Bernard Friedman, and M. B. Pianetto, Robert Koch Hospital, Koch, 
Mo.; Drs. W. L. Howard and W. J. Steininger, Maybury Sanatorium, Northville, Mich.; 
Dr. G. E. Martin, Pittsburgh Tuberculosis Hospital, Pittsburgh, Pa.; Dr. H. M. Payne, 
Freedmen’s Hospital, Washington, D. C.; Dr. R. F. Payne, Eugene Talmadge Memorial 
Hospital, Augusta, Ga.; Drs. H.C. Sweany, B. L. Brock, A. M. Dietrich, and W. L. Potts, 
Florida State sanatoriums at Orlando, Tampa, and Lantana, Fla.; Drs. H. 8. Willis, H. F. 
Easom, W. H. Gentry, and C. D. Thomas, North Carolina State sanatoriums at Wilson, 
McCain, and Black Mountain, N. C.; Dr. G. C. Wilson, Uncas-on-Thames Sanatorium, 
Norwich, Conn.; Dr. J. E. Wilson, USPHS Hospital, Brooklyn, N. Y.; and Drs. J. L. Wilson, 
H. C. Dooling, G. M. Eckley, and H. W. Weest, Pennsylvania State sanatoriums at South 
Mountain, Cresson, and Hamburg, Pa. 
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PUBLIC HEALTH SERVICE INVESTIGATION 


Problems created by the appearance of drug-resistant organisms must, how- 
ever, also be considered in an over-all appraisal of the three regimens. Tubercle 
bacilli found in patients who still produce “positive’’ sputum almost invariably 
become drug resistant—to streptomycin when streptomycin and PAS are given, 
to isoniazid when only isoniazid is given, and to both streptomycin and isoniazid 
when both drugs are given. The clinical superiority of the regimen containing 
both streptomycin and isoniazid must, therefore, be weighed against the possible 
disadvantages of encouraging the appearance of strains of tubercle bacilli 
resistant to both of the principal antituberculous drugs. A next step in advancing 
tuberculosis chemotherapy appeared to be, therefore, to find a regimen as 
effective as streptomycin plus isoniazid but one which would not result in strains 
of bacilli resistant to both drugs. 

In the absence of a new drug which might meet or exceed these specifications, 
the possibilities seem to be limited to combinations of the three available agents, 
isoniazid, streptomycin, and PAS. The objective might be attained by a com- 
bination so effective that all patients would become “sputum negative” or by a 
combination which does not require the simultaneous use of the two most 
potent drugs, isoniazid and streptomycin, or by increasing the dosage of the 
newest agent, isoniazid. 

A small investigation carried on as a part of the first study provided prelimi- 
nary comparisons with two additional regimens, isoniazid plus PAS, and the 
combination of all three drugs, isoniazid, streptomycin, and PAS. In the pilot 
trial, both of the two new regimens appeared to be as effective as streptomycin 
plus isoniazid. The problem of bacterial resistance, however, could not be 
judged in such a small series of cases. 

Therefore, in March of this year, the entire group of cooperating hospitals 
adopted a protocol for a second large-scale study which included these two regi- 
mens, as well as isoniazid plus streptomycin, the regimen which had previously 
showed the best results. The study is designed to compare PAS and strepto- 
mycin as partners for isoniazid, evaluate the simultaneous use of all three drugs, 
and determine the effect of larger doses of isoniazid. 


MATERIALS AND METHODS 


To obtain information on these questions, five regimens were adopted for which the drugs 
and daily doses are as follows: 


Isoniazid (3 mg. per kg.) plus streptomycin 

Isoniazid (3 mg. per kg.) plus PAS 

Isoniazid (10 mg. per kg.) plus streptomycin 
Isoniazid (10 mg. per kg.) plus PAS 

Isoniazid (19 mg. per kg.) plus streptomycin and PAS 


Streptomycin was given in dosages of 1 gm. twice a week; PAS, 10 to 12 gm. daily; and 
isoniazid in doses of 3 or 10 mg. per kg. daily. 

Only patients with pulmonary tuberculosis who have received no previous antimicrobial 
therapy are eligible for this second study. After a patient has been selected for the study by 
a participating hospital, the drug regimen he is to receive is assigned in the central office* 


* Field Research Branch, Division of Chronic Disease and Tuberculosis, Public Health 
Service, Department of Health, Education, and Welfare. 
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STUDIES ON CHEMOTHERAPY OF TUBERCULOSIS 


by a scheme of random numbers. Each patient, except in certain very unusual and well- 
defined situations, receives for forty weeks the antimicrobial agents specified by random 
allocation, and no others; and receives such other treatment as may be prescribed by his 
physician. 

At the beginning and at four-week intervals during treatment, clinical observations are 
made, chest roentgenograms are obtained, and sputum specimens are examined micro- 
scopically and by culture. The reports and roentgenograms are forwarded to the central 
office for analysis and evaluation. Cultures are tested for susceptibility to streptomycin and 
to isoniazid in a single laboratory, the Trudeau Laboratory under the direction of Mr. 
William Steenken, Jr. 


Experience in previous clinical trials indicated that, even though the studies 
are limited to patients whom the investigators believe can be kept under ob- 
servation for the period prescribed by the protocol, a sizable number will leave 
the hospital before the completion of forty weeks of treatment. Anticipation of 
these losses has accentuated the need for the study of large numbers of patients. 
However, limitation of the case material to patients without previous chemo- 
therapy has decreased the rate at which patients could be selected. Consequently, 
it has taken some months to accumulate sufficient patients for the second study. 
By October 15, 1953, more than 1,600 patients had been admitted but most of 
them have been under observation for only short periods of time. 

The present paper is, therefore, in the nature of a progress report based on 
patients who have been observed longest in this, the second large-scale study 
in the isoniazid evaluation program. In mid-September, 1953, the investigators 
met in Washington and evaluated the roentgenographic changes in patients 


who had completed twenty weeks of treatment by that time. Comparable 
clinical and bacteriologic data have also been assembled, but the longer time 
required to determine drug susceptibility makes it impossible to include data 
on bacterial resistance in the present report. 


OBSERVATIONS 


Patients who did not complete twenty weeks of treatment: By early April, 1953, 
461 patients had been admitted to the study and randomly assigned to the five 
treatment regimens: 91 to 3 mg. of isoniazid per kg. plus streptomycin, 85 to 
3 mg. of isoniazid per kg. plus PAS, 95 to 10 mg. of isoniazid per kg. plus strepto- 
mycin, 102 to 10 mg. of isoniazid per kg. plus PAS, and 88 to 10 mg. of isoniazid 
per kg. plus streptomycin plus PAS. All of the 461 patients could, theoretically, 
have completed twenty weeks of treatment by early September, but by that 
time 126 of them (27 per cent) were no longer being treated according to the 
protocol. Records for approximately one-quarter of the group will not be used, 
therefore, to measure the therapeutic effectiveness of the assigned treatment; 
they can, nevertheless, furnish useful information on the relative practicability 
of the different regimens. 

The reasons why the prescribed chemotherapy was not followed for these 
126 cases are shown in table 1. Two reasons, departure from the hospital 
and failure to tolerate one or more of the prescribed drugs, account for 94 per 
cent of these cases. Only 2 patients refused treatment, one assigned to 3 mg. 
of isoniazid per kg. plus PAS and the other assigned to 10 mg. of isoniazid per 
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kg. plus streptomycin. Treatment was changed because of critical worsening 
in 3 patients: one receiving 3 mg. of isoniazid per kg. plus streptomycin; one, 3 
mg. of isoniazid per kg. plus PAS; and one, 10 mg. of isoniazid per kg. plus PAS. 

Equal proportions of patients in each regimen group could be expected to 
leave the hospital against advice if the probability of leaving was unrelated to 
the patients’ attitude toward the drugs they received. The fact that these 
proportions are not equal suggests that the chemotherapeutic agents may 
influence the decision to leave or not to leave the hospital. Patients given PAS 
left more frequently than those given streptomycin, and the highest proportion 
leaving the hospital was among those who received all three drugs, as shown in 


TABLE 1 


Percentace Distripution or Reasons 126 Patients on ALL Recimens Dip Nor 
Come ters Twenty Weeks or Prescrisep CHEMOTHERAPY 


REASON NUMBER 


Left hospital 

Drug intolerance 
Refused treatment 
Critical worsening 
Nontuberculous illness 


| 
Total | 126 


TABLE 2 
NUMBER AND Per Cent of Patients on Eacu Recimen Wuo Lert true Hosritar 
THe First Twenty Weeks or THerary 


PER CENT OF ALL 
REGIMEN NUMBER PATIENTS 


Total Be 73 


3 mg. of isoniazid per kg. + streptomycin. . 11 
3 mg. of isoniazid per kg. + PAS... 14 
10 mg. of isoniazid per kg. + streptomycin 10 
10 mg. of isoniazid per kg. + PAS.... 18 
10 mg. of isoniazid per kg. + streptomycin + PAS 20 


table 2. Increasing the dose of isoniazid does not appear to increase the prob- 
ability of leaving. On regimens including isoniazid in combination with either 
streptomycin or PAS, patients left the hospital in about equal numbers whether 
the dosage of isoniazid was 3 or 10 mg. per kg. 

In order to preserve the initial comparability of the treatment groups obtained 
by randomization, the chemotherapy assigned to a patient was not changed 
during the study unless continuation clearly imperiled his welfare. In addition 
to critical deterioration, intolerance to a prescribed antimicrobial was regarded 
as a sufficient reason to change chemotherapy. Because of the difficulty of 
establishing a cause and effect relationship between a sign of toxicity and a 
particular drug, it was decided to adopt the following procedure before a pa- 
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tient’s assigned chemotherapy was changed. When toxic symptoms appeared, 
the suspected drug was discontinued; if symptoms then disappeared, treatment 
was resumed with a test dosage of the drug; only if the symptoms reappeared 
was the suspected drug definitely charged with producing the symptoms and 
chemotherapy changed. 

In table 3 is shown the number of patients on each regimen who, by this defini- 
tion, failed to tolerate one or more of the drugs in the regimen to which they 
were assigned. Drug toxicity made it necessary to change treatment for 46 
patients, 11 of whom were regarded as being toxic to two drugs. 


TABLE 3 


NuMBER oF PaTIEeNtTs* ON Reotmen Wuo Fattep to ToLerate ASSIGNED 
CHEMOTHERAPY, CLASSIFIED BY Spreciric Drauc INTOLERANCE 


INTOLERANCE TO 


REGIMEN 
Isoniazid Streptomycin 


Total 31 7 


3 mg. of isoniazid per kg. + streptomycin 

3 mg. of isoniazid per kg. + PAS 

10 mg. of isoniazid per kg. + streptomycin. . 

10 mg. of isoniazid per kg. + PAS 

10 mg. of isoniazid per kg. + streptomycin + PAS 


* Eleven patients who were unable to tolerate two drugs are included twice. 


TABLE 4 


NuMBER AND Per Cent or Patients oN Eacn Wuo Faitep To ToLerate 
PRESCRIBED CHEMOTHERAPY 


FAILED TO TOLERATE 
NUMBER 


G 
REGIMEN ASSIGNED 


Number | Per Cent 


3 mg. of isoniazid per kg. + streptomycin 1.1 
3 mg. of isoniazid per kg. + PAS 5.9 
10 mg. of isoniazid per kg. + streptomycin 11.6 
10 mg. of isoniazid per kg. + PAS came 18.6 
10 mg. of isoniazid per kg. + streptomycin + PAS 11.4 


Isoniazid, at the 3 mg. per kg. dose, was toxic for only 2 patients, 1 per cent 
of 176 receiving this dose; and for 29 patients, more than 10 per cent of 285 
receiving the 10 mg. per kg. dose. PAS toxicity appeared in 19 patients or ap- 
proximately 7 per cent of the 275 patients who received the drug. Streptomycin 
toxicity affected 7 patients, or approximately 3 per cent, of 274 patients on 
streptomycin regimens. 

The usefulness of any treatment is in part dependent on how well it can be 
tolerated. Toleration is dependent on the toxicity of the individual drugs in the 
dosage used. Information is given in table 4 on the extent to which patients 
who received the various drug combinations were unable to continue the pre- 
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scribed chemotherapy because they could not tolerate at least one of the drugs. 
Since isoniazid at the 10 mg. per kg. level was the most toxic agent and PAS 
was more toxic than streptomycin, it is not surprising that the regimens employ- 
ing both PAS and the high dose of isoniazid should have the highest rate of 
intolerance: 18.6 per cent for 10 mg. of isoniazid per kg. plus PAS and 11.4 
per cent for 10 mg. of isoniazid per kg. plus streptomycin plus PAS. Likewise, 
it is reasonable that streptomycin plus the low dose of isoniazid should have 
the lowest rate, 1.1 per cent. 

The investigators recognized that, with the adoption of these regimens, they 
might be venturing into the toxic range of isoniazid and were watchful for signs 
of difficulty. In May, 1953, reports of the appearance of peripheral neuritis in 
patients who received the higher doses of isoniazid prompted an immediate 
review of the patients in this study. Only six of the twenty-two hospitals re- 
ported any cases of peripheral neuritis: 2 in each of three hospitals and one in 
each of three hospitals. These 9 patients were all on regimens of 10 mg. per kg. 
dosage of isoniazid, 2 receiving isoniazid with streptomycin, 3 with PAS, and 
4 with both streptomycin and PAS. The neuritis occurred among a total of 
268 patients who had been treated for at least twelve weeks on these three 
regimens, a rate of 3.4 per cent. Symptoms first appeared between the forty- 
second and ninety-fifth days of treatment, averaging approximately sixty-five 
days. Isoniazid was discontinued in 4 cases, the dosage was reduced in 2 cases, 
and was continued unchanged in 3 cases. At the time of writing this report, all 
of the 9 patients had improved or completely recovered. 

Patients who completed twenty weeks of treatment: Of the 335 patients observed 
for the full twenty weeks, 46 per cent were white males; 28 per cent, white 
females; 15 per cent, Negro males; and 11 per cent, Negro females. Thirty-six 
per cent were less than thirty-five years of age; 44 per cent, between thirty-five 
and fifty-four; and 20 per cent, fifty-five years and older. Eighty-six per cent of 
the patients had been hospitalized for tuberculosis for the first time within the 
year in which the study was started, and only 14 per cent have had disease of 
longer duration. The disease in 5 per cent of the patients was minimal in extent, 
moderately advanced in 43 per cent, and far advanced in 52 per cent of the total 
series. 

The five treatment groups are comparable with respect to these characteristics 
of the patients. Of the total, 78 are being treated with 3 mg. of isoniazid per kg. 
plus streptomycin, 64 with 3 mg. of isoniazid per kg. plus PAS, 73 with 10 mg. 
of isoniazid per kg. plus streptomycin, 63 with 10 mg. of isoniazid per kg. plus 
PAS, and 57 with 10 mg. of isoniazid per kg. plus streptomycin plus PAS. 


Results 


Mortality: On each regimen, except 3 mg. of isoniazid per kg. plus strepto- 
mycin, one patient died of tuberculosis during the first twenty weeks. 

Bacteriologic studies: Figure 1A and the first section of table 5 show at four- 
week intervals the percentage of patients on each regimen in whose sputum 
tubercle bacilli were detected by microscopic examination. At the beginning of 
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treatment, the percentages ranged among regimens from 56 to 69. The per 
centage of patients with “positive” sputum smears decreased on all regimens 
throughout treatment. At the twentieth week, from 6 to 15 per cent of the 
patients on the various regimens still had “positive” smears. 

The results of culture of the same specimens are available through only the 
sixteenth week of treatment and are reported in figure 1B and the second section 
of table 5. Although the percentage of cultures positive for M. tuberculosis 
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PER CENT 


Fic. 1. Percentage of patients on each of five regimens showing unfavorable signs of 
their disease 

1. Percentage of patients with smear positive for tubercle bacilli 

B. Percentage of patients with culture positive for tubercle bacilh 

(. Percentage ot patients with fever 

D. Percentage of patients underweight 


among patients on each regimen ts higher than the corresponding percentage 
of positive smears, the trend is the same: continuous decrease during treatment 
in the proportion ol patients with positive bactertology At the start of treat 
ment, the percentage of patients with “positive” cultures ranged from 71 to 


80 per cent, and, after sixteen weeks of treatment, from Y to 21 per cent. The 


findings both on smear and on culture show no significant difference among 
regimens in the rate of bacteriologic change 
Course of fever: Figure 1C and the third section of table 5 show the proportion 
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TABLE 5 
Proportion of Patients oN Regimen IN UNPravoRABLe CLINICAL CONDITION, BY 
Week or TREATMENT 


10 wG. oF 10 MG. oF 10 MG. OF 


PER K IAZID PER KE SONTAZID PER ES 
on iD P ‘ 
STREPTOMYCIN 
+ PAS PA 


~ 


Number 


Cases 7 73 63 57 
Per Cent with Sputum Positive for Tuberele Bacilli by Direct Examination 


Seleetion 65 59 
S weeks IS.7 0.2 25 
12 weeks ' 4.1 29.2 17.! 

weeks 2.6 14.: 


20 weeks f 6 13.7 4 
Per Cent with Sputum Positive for Tuberele Bacilli Culture 


Selection 
weeks 67 55.7 
weeks 20.0 
12 weeks 44 164 
16 weeks Is. 1 
4) weeks NAY NA NA 


Per Cent Febrile* 


Seleetion 5.2 
1 weeks 20.6 
S weeks ‘ 
12 weeks 1.9 
16 weeks 
Ai weeks d 8.3 


+ Cent Underweightt 


Selection 51.! 63 

weeks 5 7 

S weeks 3 

12 weeks 

16 weeks ‘ 

Ai weeks 3 33.4 


* Median of highest oral temperature tor five dave: febrile, 90.0°F. and over 
t Minus deviation of more than 10 per cent trom standard height weight values 


z Not available 


of febrile patients at each four-week interval. At the beginning of treatment, 
the percentage of patients with temperatures of 99.0°F. or more ranged among 
regimens from 32 to 47. Most of the reduction in the proportion of febrile pa- 
tients occurred on all regimens during the first four weeks of treatment with 


little further change 
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Body weight: Figure 1D and the fourth section of table 5 show the proportion 
of underweight patients on each regimen at each four-week interval. Patients 
were arbitrarily classified as underweight when they were more than 10 per 
cent below a so-called “normal” weight according to a standard height-weight 
chart. The 5 regimens differed more on the proportion underweight at the start 
of treatment than on most other characteristies: 52 per cent of those on 3 mg. 
of isoniazid per kg. plus PAS to 73 per cent of the group receiving 10 mg. of 
isoniazid per kg. plus PAS. The number of underweight patients decreased on 
all regimens during twenty weeks of treatment. At the twentieth week, the range 
between the groups was slightly less than at the beginning of treatment, from 
30 per cent in the 3 mg. of isoniazid per kg. plus PAS regimen to 44 per cent 
in the 10 mg. of isoniazid per kg. plus PAS regimen. However, with groups of 
this size, it can be said only that the changes during treatment are of approxi 
mately the same order on all regimens. 


100 


20 
WEEKS 
Fic. 2. Proportion of significant roentgenographic improvement in patients on five treat 


ment regimens 


Roentgenographic changes: Roentgenographic changes in the first twenty weeks 
of the second study have been evaluated in exactly the same way as in the first 


large study of isoniazid. That is, the clinical investigators met in Washington 
and read all the films for each patient. Without having any information about the 
patients, they classified the films according to changes in the pulmonary lesions 


between the start of treatment and each succeeding four-week interval for 
twenty weeks. Roentgenographic change was classified on a 7-point seale, ranging 
from marked improvement to marked deterioration. The results of these readings 
are shown in figure 2 and table 6. 

The proportion of patients showing significant (marked or moderate) roent- 
genographic improvement increased steadily on all regimens throughout twenty 
weeks of treatment. All five regimens appeared to be very effective in producing 
significant roentgenographic improvement. The similarity of the results on the 
various regimens is striking: by the end of twenty weeks of treatment, the range 
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TABLE 6 


PercentTace oF ROENTGENOGRAPHIC Cuance at Four-Week INTERVALS IN 
Parrents Opserveo Twenty Weeks 


OF TREATMENT 
Improvement Deterioration 


Marked Moder Sligt _ ght Moder Marked 
ate ate 
3 mg. of isoniazid per kg 

plus streptomycin 

weeks 

weeks 

> weeks 

weeks 


weeks 


of isoniazid per kg 
plus PAS 
weeks 
weeks 
2 weeks 
weeks 


weeks 


10 mg. of isoniazid per kg 
plus atreptomyenn 
weeks 
weeks 

2 weeks 
weeks 


eeks 


10 mg. of isoniazid per kg 
plus PAS 
weeks 
weeks 
weeks 
weeks 


weeks 


10 mg. of isoniazid per ke 
plus streptomyenn plus 
PAS 
weeks 

S weeks 
12 weeks 
16 weeks 
weeks 


among regimens was between 62 and 69 per cent showing significant roentgeno 


graphic improvement 


Deat 
) moo 268 41.5 22.2 WG o4 

100.0) 0.5) 9.0) 43.9 | 42.9) 2.6 
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CHEMOTHERAPY 


DISCUSSION 


The preliminary results of this cooperative study of antimicrobials in tuber- 
culosis must be interpreted with caution because they are based on groups of 


only moderate size and on only a limited period of observation. Nevertheless, 


the present results make possible comparisons which will be of considerable 


practical importance if confirmed as the study progresses. 


From the present material, several indications of the therapeutic effective- 


ness of combinations of the available chemotherapeutic agents appear. First, 


isoniazid plus PAS is as effective as isoniazid plus streptomycin. Second, this 


study offers no evidence that the simultaneous use of all three drugs is superior 


to the combination of either isoniazid plus streptomycin or isoniazid plus PAS. 


Third, there is no indication that therapeutic effectiveness increases with in- 


creasing dosage of isoniazid, 


When all regimens tested show equal therapeutic effectiveness, differences 


in the frequency of toxic drug reactions assume increased importance in choosing 


therapy. In these preliminary findings, isoniazid given in doses of 3 mg. per kg. 


daily produced practically no toxicity, but one of every 10 patients who began 


treatment with isoniazid at the 10 mg. per kg. dosage developed toxic symptoms 


which necessitated a change in therapy. 


If confirmed, these findings point to three conclusions: first, that isoniazid, 


streptomycin, and PAS should not be used simultaneously; second, that, over 


all, the 3 mg. per kg. daily dose of isoniazid is preferable to the 10 mg. per kg. 


dose since it equals the higher dose in therapeutic effectiveness and is appreciably 


less toxic; and third, the wisdom of wide use of the combination of isoniazid 


plus streptomycin may be questioned since isoniazid plus PAS is equally effee- 


tive. 


SUMMARY 


From a study of more than 1,600 patients with pulmonary tuberculosis, a 
preliminary report has been prepared on the results of chemotherapy in 461 


patients who have been under observation longest. By random allocation the 


patients were divided among five treatment regimens: 3 mg. of isoniazid per 


kg. plus streptomycin, 3 mg. of isoniazid per kg. plus PAS, 10 mg. of isoniazid 


per kg. plus streptomycin, 10 mg. of isoniazid per kg. plus PAS, and 10 mg. of 


isoniazid per kg. plus streptomycin plus PAS. The study was designed to com 


pare PAS and streptomycin as partners for isoniazid, to evaluate the simul 


taneous use of all three drugs, and to determine the effect of increasing the dose 


of isoniazid 


This progress report gives information on the therapeutic and toxie effects 


during twenty weeks of treatment. The therapeutic effect has been measured by 


roentgenographic, clinical, and bacteriologic comparisons of the five regimens. 


The tentative results indicate: that isoniazid plus PAS is as effective as isoniazid 


plus streptomycin; that the simultaneous use of all three drugs is not superior 


to a combination of either isoniazid plus streptomycin or isoniazid plus PAS; 


and that, while the therapeutic effectiveness of isoniazid does not increase with 


increasing dosage, toxic reactions are much more frequent at the higher dose. 
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SUMARIO 


Informe Intermedio sobre los Efectos Terapéuticos y Toricos de las Combinaciones de 


Isoniacida, Estreptomicina y Acido Para-Aminosalicilico 


Basado en el estudio de mds de 1,600 tuberculosos pulmonares, se ha preparado una resefa 
preliminar de los resultados de la quimioterapia en los 461 enfermos que han estado mas 
tiempo en observacién. Por clasifieacién al azar, se divididé a los enfermos entre cinco regi 
menes terapéuticos: 3 mg. de isoniacida por kg. de peso més estreptomicina; 3 mg. de iso 
niacida por kg. més PAS; 10 mg. de isoniacida por kg. més estreptomicina; 10 mg. de iso 
niacida por kg. més PAS; y 10 mg. de isoniacida por kg. més estreptomicina mais PAS 
Tenia por fin el estudio comparar el PAS y la estreptomicina como coadyuvantes de la 
isoniacida, justipreciar el empleo simultaneo de las tres drogas y determinar el efecto de un 
aumento de la dosis de imarine ida 

Este informe intermedio aporta datos acerca de los efectos terapéuticos y téxicos observa 
dos durante veinte semanas de tratamiento. El efecto terapéutico se computé por medio de 
comparaciones roent genograficas, clinicas y bacteriolégicas de los cinco regimenes. Indican 
los resultados tentativos: que la isoni .cida més PAS es tan eficaz como la isoniacida mas 
estreptomicina; que el uso simultdneo de las tres drogas no es superior a una combinacion 
de la isoniacida ya con estreptomicina o con PAS; y que, aunque la efieacia terapéutica de 
la isoniacida no aumenta al aumentar la dosis, si son mucho més frecuentes las reacciones 


téxicas con las dosis més altas 


RESUME 


Rapport préliminaire sur les effets thérapeutiques et toriques des traitements combines avec 


Visoniazide, la streptomycine et l'acide para aminosalicylique 


D’aprés une étude portant sur plus de 1600 malades atteints de tuberculose pulmonaire , 
il a été établi un rapport préliminaire sur les résultats de la chimiothérapie chez les 461 
patients qui ont été le plus longtemps en observation. Les malades ont é1é répartis au 
hasard dans chacune de ces emg catégories de traitement: 3 me d’isoniazice par kg plus 
streptomycine; 3 mg. d'isoniazide par kg. plus PAS; 10 mg. d’isoniazide par kg. plus strepto 
mvecine; 10 mg. d’isoniazide par kg. plus streptomycine plus PAS. Cette étude avait pour 
but la comparaison du PAS et de la streptomyeine comme adjuvants de l’isoniazide, l’éva 
luation de l'emploi simultané de ces trois drogues et la détermination de l’effet de l'accrois 
sement de la dose disoniazide 

Ce rapport préliminaire donne des informations sur les effets thérapeutiques et toxiques 
au cours d’un traitement de vingt semaines. L’action thérapeutique a été mesurée en com 
parant ces programmes de cure du point de vue radiologique, clinique et bacétriologique 
Les résultats actuels indiquent: que l’isoniazide plus le PAS est aussi efficace que l’isonia 
zide plus la streptomycine ; que l'usage simultané des trois drogues ne donne pas de résultats 


supérieurs A ceux de la thérapie combinée isoniazide-streptomyecine ou isoniazide-PAS et 


également que si l'efficacité thérapeutique de lisoniazide n’augmente pas avec laugmenta 
tion des doses, les réactions toxiques sont beaucoup plus fréquentes avec les doses plus 


fortes 
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THE RESULTS OF TREATMENT OF 549 CASES OF TUBERCULOUS 
MENINGITIS' 


JOHN LORBER 
teceived for publication July 7, 19538 


INTRODUCTION 


In the last six years, considerable experience has been gained in the treatment 
of tuberculous meningitis with streptomycin, and a large number of papers have 
appeared both in Great Britain and elsewhere dealing with various aspects of the 
subject. Nevertheless, there is as yet no exact knowledge about the survival rate 
which can be expected with sireptomycin or of the condition of the survivors. 
The prognostic significance of the age on admission and of the stage and the 
type of the disease have not yet been fully determined. It is necessary to treat 
a really large series of patients and to observe them for a prolonged period to de 
termine these points with statistical accuracy. In Great Britain, the Ministry 
of Health (1) conducted a combined investigation and reported the results ob 
tained in 369 patients who were observed for a minimum of thirty-four months. 
That investigation, however, dealt only with patients who were admitted before 
July, 1948. At that time, experience in the treatment of tuberculous meningitis 
was still lacking, and improvements in the results could be expected with more 
experience. 

In view of the development of new antituberculous drugs, it was thought 


advisable to present the results in a large series of cases, so as to provide an ade 


quate basis for comparison with results to be obtained with newer techniques and 


other drugs or combination of drugs. No single center could provide enough cases 
for a statistical analysis. It was therefore decided to analyze the combined re 
sults obtained in those five large centers in England in which treatment of tu 
bereulous meningitis was begun in 1947 and whose published results revealed 
an over-all survival rate of at least 40 per cent with a minimum follow-up period 
of one year. The centers are the Hospital for Sick Children, Great Ormond Street, 
London; the Whittington Hospital, London; The Radcliffe Infirmary, Oxford; 
the Neweastle group of hospitals; and this elinie (Sheffield). 
The following kindly supplied their data from four of these centers: 


Dr. 1. A. B. Cathie (Hospital for Siek Children, London) 
Dr. F. Robertson (Newcastle) 

Dr. Honor V. Smith (Oxford 

Dr. Sulamith Wolff (Whittington Hospital, London) 


The data from these four centers, together with those from this clinie (She 


field), form the basis of the present report 


From the Department of Child Health of the University of Sheffield, Sheffield, England 
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MATERIAL OF THE PRESENT INVESTIGATION 


The results of treatment in 549 consecutive caves of tuberculous meni iwitis 
have been analyzed. The patients were all admitted and treated between 1917 
and 1950, inclusive.’ All patients admitted to the 5 units are included in the 
series With the exception of those who were transferred from other hospitals after 
more than one month of unsuccessful treatment. Patients who died within a few 
hours of admission are included. The series is, therefore, unselected. 

In 513 patients, tubercle bacilli were recovered from the cerebrospinal fluid 
during life. The remaining 36 patients were included in the series because in each 
case there was adequate circumstantial evidence that the diagnosis was correct. 
The results of treatment in these 36 were almost identical with those in the other 
cases. The diagnosis was confirmed in all of the 18 of these 36 patients who came 
to necropsy 

The number of patients treated at the different centers ranged from 72 to 146. 
Statistical analysis of the composition of the five separate series showed that 
they were comparable with regard to the stage of disease on admission and the 
type of disease. Three centers (Whittington, Neweastle, and Oxford) treated 
adults and children; the other two (Great Ormond Street and Sheffield) treated 
children only. At all centers the patients were under unified management. Analy- 
sis of the results obtained at each of the five centers showed no difference of statis- 


tical significance between any two of them. 


PREATMENT 

\ detailed account of the treatment will not be given, for this has been re- 
ported in papers from all of the five centers: Whittington Rubie and Mohun 
(2), Calnan, Rubie, and Mohun (3a and b); Great Ormond Street Cathie and 
MaeFarlane (4); Oxford Smith, Vollum, and Cairns (5); Cairns and Taylor (6), 
Cairns, Smith, and Vollum (7), Smith and Vollum (8); Newcastle —~ Robertson 
and Gairdner (9); Sheffield Ulingworth and Lorber (10), Lorber (11). 

The main treatment at all of the centers consisted of combined intramuscular 
and intrathecal streptomycin in prolonged courses. In 1947, when experiments 
were being made with different methods of treatment, intrathecal treatment was 
not given to all of the patients, but it was given in all cases thereafter. In the 
large majority of patients, streptomycin alone was used, but the adjuvant prop- 
erties of some other drugs were also studied, namely, sulphetrone, streptokinase, 
and intrathecal tuberculin (PPD). Para-aminosalicylie acid (PAS) was used in 


only a few patients during the four years under review. Generally speaking, the 


daily intramuscular dose of streptomycin was 2 gm. for adults and 20 mg. per 
pound of body weight for children, in two divided doses, given for a minimum of 
four to six months and often for much longer, especially in patients who also had 
generalized miliary tuberculosis. There was a tendency to give longer courses in 
the latter years of the period under review. The intrathecal dose of streptomycin 


? At the end of November, 1949, the Neweastle group was decentralized and, therefore, 
no patient who was admitted to this center after that date is included 
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varied from 25 to 100 mg. daily. In some centers, alternate daily injections were 
used after the first few weeks, and some allowed “rest periods’’ between set 
courses. The main route of administration was lumbar but, in cases of spinal or 
tentorial blocks, the cisternal and ventricular routes were also used. Occasionally, 
major neurosurgical procedures were attempted. 


RESULTS 


The series was analyzed in relation to the age of the patients, stage of the 
disease on admission, and the type of the disease. The Medical Research Council 
(12) classifications of the stage and type were adopted. 

The results were analyzed according to survival rates at the first and subse- 
quent anniversaries of the patients’ admission. This method allows comparison 
between the results obtained in patients admitted in different years. 


Over-all Results 


Two-hundred and sixty-six of the 549 patients survived for one year (48.4 per 
cent). During the second year, 13 patients died, the over-all two-year survival 
rate being, therefore, 46.1 per cent. The mortality rate during the second year 
of observation was 4.9 per cent of the survivors at risk at the end of the first 
year. Of the 466 patients admitted between 1947 and 1949, only one died in the 
third complete year of observation and, altogether, 212 (45.4 per cent) were 
alive on the third anniversary of their admission. There were no later deaths in 
patients admitted in 1947 and 1948, so there was no alteration of the four-year 
survival rate of those admitted in 1948 and of the four- and five-year survival 
rates of those admitted in 1947 during complete years of observation. There were, 
however, 5 other late deaths, 3 of them in the third year among patients ad- 
mitted in 1950 and 2 in the fourth year among patients admitted in 1949. Al- 
together, therefore, 4 patients died during the third year of observation, 2 in the 
fourth, and none in the fifth. 

As the whole group was observed for two years and as deaths were too rare 
after that time to affect the survival rates significantly, it appears that further 
detailed analyses of survival figures can be legitimately restricted to the two- 
year survival period. 

It may be seen from table 1 that there was a striking and statistically significant 
improvement in the results after the “trial year” of 1947, from a survival rate 
of 31.6 per cent in 1947 to 49.3 per cent in the remaining years. This difference 
was not due to any alteration in the composition of the types of patients treated. 
There was virtually no difference between the results obtained in 1948, 1949, 
and 1950. As this statement was found to apply to almost all of the results of 
the subgroups to be presented, it will not be necessary tc discuss separately the 
results for these three years. 


Results According to the Stage of the Disease on Admission 


In table 2 are shown the results according to the stage of the disease on ad- 
mission. It may be seen that there was a high degree of correlation between the 
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stage of the disease on admission and the prognosis. Patients in the early stage 
fared far better, and nearly 75 per cent of them survived for two years. The 
difference between 1947 (68.2 per cent) and 1948-1950 (74 per cent) is not statis- 
tically significant, indicating that the over-all improvement in the results in the 
latter years was largely due to the increased survival rates of patients in the 
intermediate and advanced stages. Only 26.2 per cent of the patients in the inter- 


TABLE 1 


Over-aLt Resuits or 549 Cases or Tusercutous Meninoitis Accorpine To 
or OBSERVATION 


NUMBER SURVIVING AT THE END OF PERCENTAGE SURVIVING AT THE END OF 
YEAR OF NUMBER 


ADMISSION ADMITTED 


l year 2 years S years 4 years S years i year 2 years 3 years 4 years 5 years 


1947 101 32 | 32 | 32 6 | 31.6 | 31.6 | 31.6 | 31.6 
1948 176 89 50.5 | 50.5 | 50.5 

1949 189 91 2 48.6 | 48.1 | 

1950 83 0 48.2 


1947-1950 549 4 46.1 


1947 
1948-1950 


TABLE 2 


Tue Prognosis or TusercuLous Meninertis Accorpine To Stace or Disease 
ON ADMISSION 


Follow-up: Two Years 


EARLY INTERMEDIATE ADVANCED 
YEAR OF | 
ADMISSION 


Number| Alive | Percent | Number | Alive Percent | Number Alive Per cent 


| 


wr | | | 12.0 


1948 45 | 33 | 73.3 | 21.9 
199 «63880 82 | | 22.8 
1950 | 16 | 13 | 38 | 33.3 


Total 122 | 8 9 | 20 | ai 22.6 


1947 2 | 15 | 68. 42 | 2 | 12.0 
1948-1950 | 100 | 74 | 74.0 | 198 | 106 125 24.8 


mediate stage admitted in 1947 survived for two years, but the survival rate of 
the 1948-1950 patients was more than double that, namely, 54.0 per cent. Only 
12.0 per cent of the 1947 patients in the advanced stage survived, as compared 
with 24.8 per cent in 1948-1950. All of these differences are significant. 

Broadly speaking, therefore, 75 per cent of the patients in the early stage, 50 
per cent in the intermediate stage, and 25 per cent in the advanced stage sur- 
vived with streptomycin treatment. Early diagnosis of all cases would therefore 
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raise the over-all survival rate to approximately 75 per cent without any im- 
provement in management or the introduction of other drugs. 

Thirty-seven patients who developed meningitis while under treatment for 
miliary tuberculosis were not included in these figures. They will be dealt with 
in the next section. 


Results According to the Type of Diseaze on Admission 


The results according to the type of the disease on admission are shown in 
table 3. Patients in whom miliary tuberculosis was not demonstrable during life 
fared better than those who had miliary tuberculosis in addition to the meningitis, 
irrespective of whether the meningitis and miliary tuberculosis were both present 
when treatment was started or whether the meningitis developed during treat- 


TABLE 3 
Tue Proenosis or Meninaitis AccorpinGc To Tyre or Disease 
Follow-up: Two Years 


WITH MILIARY TUBERCULOSIS 


| MENINGITIS ONLY 
ADMISSION | Meningitis on Admission Miliary —+ Meningitis All 
| 


|Number Alive Percent'Number Alive Percent Number Alive Per cent Number Alive Per cent 


1947 | «64 35. 24.0 12 3 37 
1948 mi 4) 50.0 9 59 | 


5 
1949 117 (37.7) il 4 | 72 
1 


1950 , 52.0 5 30 


Total... : 41.6 37 | 13 | 35.1 198 | 


12 3 | 25.0; 37 
161 | 


1947 64 
1948-1950 | 287 150 | 52.2 44.8 25 10 | 40.0 


ment of miliary tuberculosis. The difference between the survival rates of those 
without miliary tuberculosis (49.2 per cent) and those with miliary tuberculosis 
(40.4 per cent) is significant, but the prognostic influence of the type of disease 
is not so striking as the stage of disease on admission (figure 1). The improvement 
in the results from 1947 to 1948-1950 was considerable for both types of disease 
and is statistically significant. The 1948-1950 results show that more than half 
of the patients (52.2 per cent) without miliary tuberculosis survived, compared 
with 44.1 per cent of those with miliary tuberculosis. 


Results According to Age on Admission 


The results of treatment in relation to age are presented in table 4. It may be 
seen that significant improvements in the results were obtained in all age groups 
from 1947 to 1948-1950 and that the rate of improvement was similar for all 
three groups. There was no difference between the survival rate of those aged 
three to fourteen years and those more than fourteen years of age. Subdivision 


9 | 24.3 
30 | 
27 | 37.6 
4 | 46.8 
80 | 40.4 | 
9 | 24.3 
71 | 44.1 
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of the patients in the more than fourteen-year group into two numerically equal 
halves, that is, into ages fourteen to twenty years and more than twenty years 


also showed no difference in the survival rates. 


Survival Rates % 


peers + 
Fia. 1. The two-year survival rates of 549 cases of tuberculous meningitis, according to 
year of admission, stage of disease, age on admission, and type of disease. 


TABLE 4 
Tue Prognosis or Tupercutous MENINGITIS AccoRDING TO AGE 
Follow-up: Two Years 


14 YEARS AND OVER 


| 0 To 3 YEARS 3 ro 14 YEARS | 
YEAR OF 


ADMISSION 
Number Alive Percent | Number | Alive Per cent Number Alive Per cent 

1947 42 | Al 
47 6 | 
5 

6 


21.4 36 
1948-1950 146 39.0 301 110 


The prognosis of those less than three years of age was significantly worse. 
In 1948-1950, a little less than 40 per cent of the patients survived in the less 
than three years of age group and more than 50 per cent survived in two groups 


Ray Ay 
| 
| | 

- 

Total....| 188 | 66 35.1 | 237 | 12% | 52.3 | 124 63 50.8 
3.8 | 9 | 39.1 
54.7 | 101 | | 53.4 
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of those more than three years of age. The prognostic significance of age, there- 
fore, was not as pronounced as that of the stage of the disease on admission 
(figure 1). Furthermore, of the 188 patients less than three years of age on ad- 
mission, 75 (40 per cent) were in an advanced stage of the disease; while, of the 
361 patients more than three years of age, only 20 per cent were in that stage. 
These figures indicate that the greater mortality in children less than three years 
of age was due largely to the delayed diagnosis in this age group and that, with 
earlier diagnosis, the prognosis for younger children need not necessarily be 
worse than in the older age groups. 


The Condition of the Survivors 


Mere survival figures do not indicate accurately the measure of success ob- 
tained in the treatment of tuberculous meningitis. A proportion of the survivors 
suffered variable degrees of handicap because of sequelae which may be attributed 
to the disease or to the toxic effects of streptomycin. Such sequelae may either 
disappear in the course of prolonged observation or they may become apparent 
only long after the patient’s recovery. For these reasons it is important to assess 
the condition of the survivors after an adequate period of observation. 

The 247 survivors of the present series have all been observed for a minimum 
of two and one-half years, and 207 of them for between three and one-half and 
six years. Their condition has been reassessed in 1953, and the results are pre- 
sented below. A recent relapse of the meningitis in 2 of them necessitated re- 
treatment, and those 2 are not included in the analysis. In the case of patients 
who developed meningitis during treatment for miliary tuberculosis, the stage 
of the disease, for purposes of analysis, was considered to be that at which treat- 
ment for the meningitis was begun. As two-thirds of them were in the early 
stage of meningitis and as the results in them were not so favorable as in other 
types of early cases, their inclusion led to some reduction of the over-all survival 
rate of the early cases. 

In table 5 it is shown that, of the 245 survivors, 157 (64 percent) had nosequelae 
whatever. Of the early cases, nearly 75 per cent of the survivors were without 
sequelae, as compared with 60 per cent of the surviving intermediate cases and 
only 40 per cent of the surviving advanced cases. The incidence of neurologic 
sequelae was directly related to the stage of the disease at which treatment was 
begun. Altogether, 27 (11 per cent) of the survivors were left with sequelae of 
moderate severity (excluding deafness), consisting of either residual hemiparesis, 
visual defects not amounting to blindness, occasional fits, or moderate degrees 

of mental and behavior disorders. There was a progressive increase of these 
sequelae from 5 per cent in the surviving early cases to nearly 20 per cent of the 
surviving advanced cases. As for severe sequelae, consisting of grave degrees 
of mental defect, often associated with blindness, deafness, and hemiplegia, 
severe behavior disorders or of gross neurologic damage, such as complete hemi- 
plegia or a cauda equina syndrome, these were found in 10.5 per cent of all sur- 
vivors, but in early cases this percentage was only 4 per cent; in intermediate 
cases, 8.7 per cent; and in advanced cases, 35.5 per cent. The 25 patients in this 
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category are more properly classified as failures, and many of them live a vegeta- 
tive existence. 

Altogether, 9 early cases (9 per cent of survivors), 26 intermediate cases (22.6 
per cent of survivors), and 17 late cases (54.8 per cent of survivors in that group) 
were complicated by neurologic sequelae, showing that delayed diagnosis, not 
only prejudiced the possibility of survival, but that the chances of a complete 
recovery became very remote once the patient reached the advanced stage. 

Vestibular damage due to streptomycin was usual but, as compensation for 
this was practically universal, the survivors have no subjective symptoms. The 
only remaining disability to consider is deafness. Altogether, 36 patients (14.7 
per cent of the survivors) suffered some degree of hearing loss sufficient to be 
appreciated by the patients as their only residual disability. It is not possible to 
state the total number who are deaf because several of the survivors with severe 


TABLE 5 
Tae Conpition or 245 Survivors* 
Follow-up: Two and One-Half to Six Years 


é MODERATE | SEVERE MODERATE SEVERE 
NO SEQUELAE | | DEAFNESS SEQUELAE SEQUELAE 
CASES | 
Num-| Per |Num-| Per |Num-| Per |Num-| Per 
| ber | cent | ber | cent | ber cent | ber cent 


Early 99 73 | 73.7 7/'7.0) 10 | 10.0 5 
Intermediate 115 72 | 62.6 § | 4.3) 12 | 10.4/| 16 
Advanced 31 12 | 38.7 0/0 2 6.4 6 


Total 245° | 157 | 4.0, 12 4.9 9.8 | 27 | 11.0 


* Not including 2 intermediate cases still being treated; including 13 patients who 
developed meningitis during treatment for miliary tuberculosis and who survived (11 
early, 2 intermediate cases). 


mental sequelae are of too low intelligence to assess the degree of their hearing. 
A glance at table 5 shows, however, that there is no correlation between the 
stage of disease on admission and the incidence of deafness. The incidence of 
deafness is of the same order in all groups. These figures suggest that streptomycin 
was the cause of deafness, at least in the large majority of cases. This suggestion 
was supported by the results of the individual centers. In the two centers in which 
streptomycin was given for the longest period, both intramuscularly and intra- 
thecally, 19 of 115 survivors became deaf (16.5 per cent), compared with 5 of 
130 survivors (3.8 per cent) in the other 3 centers. Two-thirds of the deaf patients 
were totally deaf; the other third were managing well with hearing aids. 

In figure 2 and table 6 are summed up the chances of patients who were ad- 
mitted to one of the five centers between 1947 and 1950 (inclusive) according 
to the stage of the illness on admission. The prognosis of the intermediate cases 
was almost the same as that of the whole series. 

It is seen that 66.6 per cent of the patients in the early stage, less than 50 
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per cent in the intermediate stage, and only 20 per cent in the advanced stage 
survived. As for the quality of recovery, full recovery without sequelae occurred 
in 10 per cent of the advanced cases, 30 per cent of the intermediate cases, and 


° 
Fic. 2. The fate of 549 cases of tuberculous meningitis, expressed in percentages. 


TABLE 6 


Tae Fate or 549 Patients ApmiTrep wita TuBercuLous Meninaitis 1947-1950 
IN PERCENTAGES 


STAGE OF DISEASE ON ADMISSION 


Early | Intermediate | Advanced 


Alive 

Normal 50.0 
Deaf 11.6 
Moderate sequelae.......... 3.4 
Severe sequelae 2.7 


67.8 20.4 


Dead 55.2 


50 per cent of the early cases. Useful recovery (excluding those with severe se- 
quelae) occurred in 65 per cent of the early cases, 42 per cent of the intermediate 
cases, and 13 per cent of the advanced cases. Patients with early disease, there- 
fore, had a five times better chance of complete or useful recovery than patients 
with advanced lesions. 
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Results in 1951 


This investigation concluded with patients who were admitted up to the end 
of 1950. Three of the participating centers (Whittington, Oxford, and Sheffield) 
remained under the same unified direction during 1951, and their survival figures 
for that year are available for preliminary comparison. The major change in 
treatment in 1951 was the routine use of PAS and the more frequent use of 
intrathecal tuberculin as adjuvants to the streptomycin. Isoniazid was not yet 
available. 

These 3 centers admitted 89 patients in 1951, and the composition of these 
cases was very similar to those in the earlier years. The survival figures at the 
end of the first anniversary, however, were better. Fifty-seven patients (64 per 
cent of the total) survived for one year, compared with 32.6 per cent in 1947 
and 52.0 per cent in 1948-1950. This over-all improvement did not affect the 
survival rate of the advanced cases, which was still only 26 per cent (6 of 23 
patients). The survival rate of patients in the intermediate stage rose to 70.7 
per cent (29 of 41) and of patients in the early stage to 88 per cent (22 of 25 
patients). 

These figures indicate that improved methods of treatment and increasing 
experience have resulted in the survival of 80 per cent of those patients who were 
conscious on admission. The need for earlier diagnosis is, therefore, again em- 
phasized. These results also show that whatever new drugs may be available in 
the future for the treatment of tuberculous meningitis, it must be remembered 


that 80 per cent of those patients who were conscious on admission may be saved 
with combined intramuscular and intrathecal streptomycin treatment, using 
PAS as a routine and intrathecal tuberculin as an adjuvant in selected cases. 


SUMMARY 


The results of streptomycin treatment in 549 consecutive cases of tuberculous 
meningitis were analyzed. The patients were admitted between 1947 and 1950, 
inclusive. 

The treatment consisted in most cases of prolonged, combined, intramuscular 
and intrathecal administration of streptomycin. 

The over-all two-year survival rate of 101 patients admitted in 1947 was 31.6 
per cent and of 448 patients admitted in 1948-1950 was 49.3 per cent. Later 
deaths were very rare. 

The most important prognostic factor was the stage of the disease on admission. 
Of 100 patients admitted in 1948-1950 in the early stage of the disease, 74 per 
cent survived; of 198 intermediate cases, 54 per cent survived; and of 125 ad- 
vanced cases, 24.8 per cent survived. 

Patients without demonstrable miliary tuberculosis during life had an 8 per 
cent better survival rate than those who had miliary tuberculosis in addition 
to the meningitis. In 1948-1950, 52.2 per cent of 287 patients without miliary 
tuberculosis survived, and 44.1 per cent of 161 patients who had miliary tubercu- 
losis and meningitis survived. 
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There was no difference between the survival rates of patients in the age groups 
three to fourteen years (54.7 per cent of 301 patients in 1948-1950) and more 
than fourteen years (53.4 per cent of 101 patients in 1948-1950); but the prog- 
nosis for those less than three years of age was worse, 39 per cent of 146 patients 
having survived in 1948-1950. This less favorable prognosis in younger children 
was partly due to delay in diagnosis. Forty per cent of all patients less than three 
years of age (188 cases) were in the advanced stage, but only 20 per cent of the 
remaining 361 patients were in the advanced stage on admission. 

The 245 survivors were followed for two and one-half to six years. In all, 64 
per cent had no sequelae whatever. Seventy-five per cent of those admitted in 
the early stage, 60 per cent of those in the intermediate stage, and 40 per cent of 
those in the advanced stage had no sequelae. The incidence of moderate or severe 
neurologic sequelae was least among early cases (9 per cent) and greatest among 
advanced cases (55 per cent). In 14.7 per cent of all survivors, deafness was the 
only residual damage, and two-thirds of these were totally deaf. It is presumed 
that this complication was usually a consequence of the streptomycin treatment 
and was not caused by the meningitis. 

The over-all one-year survival figure of 64 per cent for 89 patients who were 
admitted in 1951 represented a considerable improvement. The survival rate 
for early cases rose to 88 per cent, for intermediate cases to 70.7 per cent, but 
remained only 26 per cent for advanced cases. In all, 80 per cent of the 66 patients 
who were admitted fully conscious survived for one year. 


SUMARIO 


Los Resultados del Tratamiento de Quinientos Cuarenta y Nueve Casos de Meningitis 
Tuberculosa 


Este andlisis comprende el resultado del tratamiento con estreptomicina en 549 casos 
consecutivos de meningitis tuberculosa, recibidos entre 1947 y 1950, inclusive. 

En la mayor parte de los casos, el tratamiento consistié en la administracién intramus- 
cular e intratecal prolongada y combinada de estreptomicina. 

El coeficiente global de sobrevivencias de dos afios para 101 enfermos admitidos en 1947 
fué de 31.6 por ciento y para 448 enfermos admitidos en 1948-1950 de 49.3 por ciento. Las 
muertes tardfas fueron rarfsimas. 

E] mds importante factor en el pronéstico fué el perfodo de la enfermedad al ingreso del 
sujeto. De 100 enfermos recibidos en 1948-1950 en el perfodo incipiente de la dolencia, 74 
por ciento sobrevivieron; de 198 casos intermedios, 54 por ciento; y de 125 casos avanzados, 
sobrevivieron 24.8 por ciento. 

Los enfermos sin granulia observable en vida tuvieron un coeficiente de sobrevivencia 
8 por ciento mejor que los que tenfan granulia ademds de meningitis. En 1948-1950, sobre- 
vivieron 52.2 por ciento de 287 enfermos sin granulia y 44.1 por ciento de 161 que tenian 
granulia. 

No hubo diferencia en los coeficientes de sobrevivencia en los enfermos de los grupos de 
tres a catorce afios de edad (54.7 por ciento de 301 enfermos en 1948-1950) y en los de més 
de catorce afios (53.4 por ciento de 101 enfermos en 1948-1950) ; pero el pronéstico fué peor 
para los de menos de tres afios de edad, habiendo sobrevivido 39 por ciento de 146 enfermos 
en 1948-1950. Este prondéstico menos favorable en los nifios mAs pequefios se debié en parte 
a demora en el diagnéstico. Dos quintas partes de todos los enfermos de menos de tres 
afios (188) se encontraban en el perfodo avanzadc, mientras que, a su ingreso, sélo la quinta 
parte de los otros 361 pacientes se hallaban en dicho perfodo. 
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Los 245 sobrevivientes fueron mantenidos en observacién de dos y medio a seis afios. 
En conjunto, 64 por ciento no manifestaron la menor secuela. Tres cuartas partes de los 
recibidos en el perfodo incipiente, tres quintas partes de los del perfodo intermedio y dos 
quintas partes de los del perfodo avanzado no tuvieron secuelas. La incidencia de secuelas 
neurolégicas moderadas o graves alcanzé el minimo (9 por ciento) er los casos incipientes y 
el m&ximo (55 por ciento) en los avanzados. En 14.7 por ciento de todos los sobrevivientes, 
la sordera fué el Gnico dafio residual y dos terceras partes de los sobrevivientes quedaron 
totalmente sordos. Esta complicacién parecié deberse a la estreptomicinoterapia y no a la 
meningitis misma. 

La cifra global de 64 por ciento de sobrevivencias de un afio para 89 enfermos admitidos 
en 1951 representé una notable mejora, elevAndose a 88 por ciento para los casos incipientes 
y 470.7 por ciento para los intermedios, pero no pasando de 26 por ciento en los avanzados. 
En conjunto, cuatro quintas partes de los 66 enfermos que, a su ingreso, estaban plena- 
mente conscientes sobrevivieron un afio o mds. 


RESUME 


Les résultats du traitement de cing cent quarante-neuf cas de méningite tuberculeuse 


Les résultats de la streptomycinothérapie dans une série de 549 cas de méningite tuber- 
culeuse ont été analysés. Les malades avaient été hospitalisés entre 1947 et 1950, inclusive- 
ment. 

Dans la plupart des cas le traitement a consisté en administration prolongée de strepto- 
mycine par les voies musculaire, intramuscullaire et intrarachidienne combinées. 

Les taux de survie pour |’ensemble des 101 patients admis en 1947 était 31,6 pour cent, 
et 49,3 pour cent pour les 448 patients admis en 1948-1950. Les décés plus tardifs étaient 
trés rares. 

Le facteur pronostique le plus important est le stade de |’affection lors de l’admission. 
Sur un nombre de 100 malades admis en 1948-1950 au stade de début de la maladie, 74 pour 
cent survivaient; sur 198 cas au stade intermédiaire, 54 pour cent survivaient; sur 125 cas 
avancés 24,8 pour cent survivaient. 

Chez les malades indemnes de tuberculose miliaire apparente au cours de la vie, le taux 
de survie était plus favorable que celui des cas of la tuberculose miliaire s’associait & la 
méningite. En 1948-1950, 52,2 pour cent des 287 patients indemnes de tuberculose miliaire 
et 41,1 pour cent des 161 malades affectés de tuberculose miliaire survivaient également. 

Il n’y avait aucune différence entre les taux de survie des malades du groupe d’Age 3-14 
ans (54,7% sur 301 patients en 1948-1950) et de ceux au-delA de 14 ans (53,4% sur 101 pa- 
tients en 1948-1950; le pronostic était cependant pire pour les malades au-dessous de 3 ans 
(sur 146 patients, 39 pour cent ayant survécu en 1948-1950). Ce pronostic moins favorable 
chez le jeune enfant était partiellement dQ au retard du diagnostic. Au moment de |’admis- 
sion, deux cinquiémes de la totalité des malades au-dessous de trois ans (188 cas) étaient au 
stade avancé de |’affection, alors qu’un cinquiéme seulement des 361 patients restants é- 
taient au stade avancé de |’affection. 

Les 245 survivants furent suivis pendant deux ans et demi A six ans. Dans l'ensemble, 
64 pour cent n’ont présenté aucune séquelle. Trois-quarts des malades hospitalisés au stade 
de début, trois cinquiémes de ceux au stade intermédiaire et deux cinquiémes au stade 
avancé ne présentaient pas de séquelles. La fréquence de séquelles neurologiques de carac- 
tére modéré ou sévére était la plus réduite parmi les cas au début (9%) et la plus grande 
parmi les cas avancés (55%). Pour l’ensemble des survivants, la surdité constituait l’unique 
séquelle chez 14,7 pour cent d’entre eux; la surdité était totale chez deux tiers d’entre eux. 
Cette complication a été considérée comme attributable A ia streptomycinothérapie et non 
A la méningite en soi 

Le taux d’ensemble de survie d’un an, qui est 64 pour cent pour 89 patients hospitalisés 
en 1951, représente une amélioration considérable. Le taux de survie pour les cas au début a 
atteint 88 pour cent; pour les cas au stade intermédiaire, 70,7 per cent; il n’a été que de 
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26 pour cent pour les cas avancé. En tout, quatre cinquiémes des 66 patients admis A la 
phase non comateuse ont survécu pendant une année. 
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INTRODUCTION 


The public announcement of the effect of isoniazid on tuberculosis in February, 
1952, provided the stimulus for an intensive study of chemotherapy in ambulant 
patients. Preliminary observations in hospitalized cases had indicated that 
isoniazid more nearly fulfilled the requirements for this type of investigation 
than any other agent. It was relatively nontoxic, easy to use, and inexpensive. 
It produced marked symptomatic improvement, with reduction in cough and 
expectoration, and gain in weight. Most important, its use resulted in disappear- 
ance of tubercle bacilli from the sputum in a substantial proportion of patients 
in a relatively short time. This made it a particularly desirable preparation for 
the purpose of the present study, which was aimed at determining the place 
of chemotherapy for ambulatory patient s in the public health control of tu- 
berculosis. 


PLAN OF INVESTIGATION 


In March and April, 1952, a group of 110 patients was started on isoniazid 
therapy. The patients were chosen on the basis of the following criteria: repeated 
demonstrations of tubercle bacilli in the sputum within the preceding six months; 
fibrocaseous disease not suitable for collapse or surgical therapy because of extent 
of disease or complicating factors; and suitable home with cooperative patient 
and family. No patient was included in whom isoniazid would serve as a substi- 
tute for more firmly established forms of treatment. With very few exceptions 
these criteria have been adhered to rigidly. 

The effect of these strict standards is reflected in the composition of the group 
studied as shown in table 1. Further evidence of the chronicity of the disease 
in this group is provided by analysis of the length of time the patients had been 
known to have tuberculosis and their clinical history before isoniazid treat- 
ment was started. This is illustrated in table 2. 


At the beginning of the study, all patients received a complete clinical examination, 
including urine analysis and blood count.! Patients were re-examined at the therapy centers 
weekly for the first three months and every two weeks thereafter. Roentgenographic exami- 
nations were performed every two weeks and tomographic studies when indicated. At each 
visit two specimens of sputum were collected. They were concentrated, and equal portions 
(approximately 0.25 ml.) were inoculated on both Peizer-Schechter agar and Léwenstein- 
Jensen egg media, as well as smeared on a slide for microscopic examination. Cultures of 
all patients were tested for susceptibility to both isoniazid and streptomycin initially and 


'From the Bureaus of Tuberculosis and Laboratories, Department of Health, New 
York, New York. 
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to isoniazid at frequent intervals during the course of the study. In addition, the patho- 
genicity for guinea pigs and mice of cultures containing tubercle bacilli was studied on a 
number of occasions. The results of these studies are given in the papers of Peizer, Wide- 
lock, and Klein (1) and Bloch, Widelock, and Peizer (2). 

At the time treatment was first started, little information was available concerning the 
optimal dosage of isoniazid, and no reports had been published on its use in conjunction 
with other antituberculous drugs. In these circumstances, the choice of a regimen had to 
be a conservative one and a dosage of 3 mg. of isoniazid’ per kg. of body weight was chosen. 
All patients were maintained on this schedule throughout the study. 


TABLE 1 
Ace, Race, Sex DistrispuTtion or Patients Recetvina Isontazip THERAPY 


| 
MALE FEMALE TOTAL 
AGE GROUP 


| 
White |Nonwhite| White |Nonwhite| White | Nonwhite 
|— 


_ 


4 | 1 | 12 17 
44 17 
18 2 


74 


TABLE 2 


CurnicaL History Prior to Isontazip THERAPY 
108 Patients 


Duration of disease 
Less than 1 year 
1 to 5 years 
5 to 10 years 
Over 10 years 


Previous hospitalization 
Previous collapse or surgical treatment 
Previous chemotherapy 


During the entire period in which antimicrobial therapy was being given, the 
patient was advised to observe the same routine of physical activity as previ- 
ously. For most, this meant full-time employment, performing routine household 
duties, or doing odd jobs. Approximately 40 per cent were receiving public assis- 
tance and, therefore, were technically unemployed. The public health nurses 
who visited the homes of the patients reported that advice with respect to 
activity was being followed closely. 


OBSERVATIONS 


Twenty-two of the 110 patients originally included failed to complete the 
full course of treatment of approximately eight months. In 12 of the 22, treat- 


? Supplied by Nepera Chemical Co., Inc. as Pyricidin. 


| 
2 
Total............. 23 16 13 | 36 
| NUMBER | PER CENT 
s | 7.4 
. 50 46.3 
89 82.4 
163 25 23.1 
50 46.3 
7 
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ment was terminated during the first three months, in 5 more in the second three 
months, and in the remainder at subsequent periods. The reasons for the dis- 
continuance of therapy in these 22 patients are given in table 3. 


TABLE 3 
Reasons ror TERMINATION oF Isontazip THERAPY 
22 Patients 


Death of patient .. 
Tuberculosis 
Other than tuberculosis 


Hospitalization. . 
Tuberculosis 
Other than tuberculosis. 


Toxic reaction 
Skin rash 
Urinary retention 
Exacerbation of asthma 


Discontinued by patient 
Other reason 


TABLE 4 


Cuanoe in Wetont anp Votume or Seurum Arrer 6 Montus or Isontazip THERAPY 
93 Patients 


| WEIGHT SPUTUM 


| Number Per Cent | Number Per Cent 


Increase 722 #74 | 5.4 
Less than 5 pounds 
5 to 10 pounds 
Over 10 pounds 

Decrease 

No change 


Clinical and Roentgenographic Results 

An evaluation of the clinical status of the 93 patients who had completed 
six months of treatment was made at the end of that period and is shown in 
table 4. None of the patients had any significant degree of fever. The maximum 
effect of the drug was observed during the first three months of its application, 
with a general tendency for the same pattern of response to persist at a lower 
level thereafter. 

Roentgenographic studies: Serial roentgenograms of the 88 patients who com- 
pleted the full course of isoniazid therapy were reviewed and the cases were 
classified as showing moderate or marked improvement, slight improvement, 
no change, or worsening. In each instance the classification was based on com- 
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parison of the roentgenographic findings at the beginning and end of the period 
of treatment, interval changes being disregarded. 

Clearing of infiltrative lesions or reduction in the size of cavities was considered 
as evidence of improvement, extension of the disease or enlargement of cavities 
as worsening. 

The changes noted on the roentgenograms at the end of eight months of treat- 
ment are indicated in table 5. The conventional postero-anterior films showed 
apparent cavity closure in 5 patients, which has been confirmed by tomographic 
examination in 3 patients. 

The response to therapy was generally more favorable in those patients whose 
disease was of less than five years’ duration and largely exudative in character. 
Most of these patients were young Negro females. Surprisingly, marked improve- 
ment in the roentgenograms of several men in their sixties was also seen. 


TABLE 5 
RoeNnTGENoGRAPHIC Status AFTER 8 Montus or Isontazip THERAPY 
88 Patients 


Improvement... .. 
Moderate or marked 
Slight .. 

No change..... 


Bacteriologic Studies 

Two methods of analysis were used in the appraisal of the bacteriologic status 
of patients who received chemotherapy: the customary approach of determining 
the frequency of the finding of tubercle bacilli on smear and culture; and semi- 
quantitative evaluation of the number of colonies produced by the tubercle 
bacilli in the sputum at each examination, with notation of the quantitative 
variation during different periods of this study. 

For the purpose of the first method of analysis, the eight-month period of the 
study was divided into two-month intervals, and the status at the beginning and 
at the end of treatment were compared. The patients were divided into four 
groups. Those classified as predominantly ‘‘positive” had positive examinations 
for tubercle bacilli on more than 50 per cent of examinations; those designated 
frequently “‘positive’’ had 20 to 50 per cent positive examinations; and those 
classified as rarely ‘‘positive’”’ yielded tubercle bacilli in less than 20 per cent of 
all examinations. Patients whose specimens failed to show tubercle bacilli were 
classified as consistently ‘‘negative.”’ 

The findings on smear and culture examinations were analyzed separately and 
are presented in table 6. Fifteen patients had consistently “negative” cultures 
at the end of treatment, a “conversion” rate by culture of 17.6 per cent. Al) 
but 2 of these 15 had been predominantly or frequently positive for tubercle 
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27 
é 
4 
q 
| 
g 
At 


30 =ROBINS, ABELES, CHAVES, ARONSOHN, BREUER, WIDELOCK, AND PEIZER 


bacilli on culture at the beginning of treatment. The 29 patients in whom tubercle 
bacilli could not be found on examination of any concentrated specimen during 
the last two-month treatment period represented an over-all “conversion”’ rate 
by smear of more than 31 per cent. More than 75 per cent of these patients had 
been predominantly or frequently positive for tubercle bacilli at the onset of 
therapy. 

In the second method of analysis, the growth on each culture was evaluated as 
4 plus, 3 plus, 2 plus, 1 plus, less than 1 plus, and negative, according to the 
number of colonies of M. tuberculosis produced. The exact technique, as well 
as the statistical justification for its reliability and consistency, will be published 


TABLE 6 
CHanoe IN Frequency or Postrive BacrertoLocic ON SMEAR AND CULTURE 
88 Patients 


SMEAR CULTURE 


First Last First Last 
2 Months 2 Months 2 Months 2 Months 


Predominantly positive 54 41 75 65 
Frequently positive 24 10 9 
Rarely positive s 8 3 
Consistently negative 2 29 1 


TABLE 7 
CHANGE IN RoeNTGENOGRAPHIC Status oF 19 Patients Decrease CoLony Count 
Tuirty-Seconp Week 


BOENTGENOGRAPHIC STATUS 


No change’. .| 21.1(5.2)* 
Improvement 


* Figures if cases without cavitation are excluded. 


in the near future. With this method of analysis, the following results were ob- 
tained, as illustrated in tables 7, 8, and 9. 

A relationship between roentgenographic worsening and high colony counts 
seemed to exist as all patients with roentgenographic worsening had colony counts 
less than 1 plus. There was also a suggestion that roentgenographic improvement 
was directly correlated with cultures decreasing from 1 plus to less than 1 plus, 
as shown in table 7. A similar relationship seemed to be present between changes 
in the roentgenograms and the frequency of positive bacteriologic findings. 

Relation of over-all resulls to previous antimicrobial therapy: An attempt was 
made to relate the behavior of the patient to the history of previous antimicrobial 
therapy. There was suggestive evidence that patients who had received such 
treatment did less well than those who had not. The numbers involved were too 
small and the histories were too incomplete to permit drawing definite con- 
clusions. 
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Drug resistance: The development of drug resistance was studied in the labora- 
tory during the entire thirty-two-week period of treatment with isoniazid. 
Equal quantities of the concentrates of all sputum specimens were spread on 
the culture media containing varying amounts of the drug, as well as upon 
control media. The development of resistant colonies was noted. The exact details 
of the technique, as well as the complete details of the results, will be given in a 
future publication. In tables 8 and 9 are summarized the more pertinent data 


TABLE 8 
DEVELOPMENT OF RESISTANCE aT 3 AND 8 Montus 
87 Patients 


3 MONTHS 8 MONTHS 
aa Per Cent of Per Cent of 
| Patients With Patients with 
Resistant Resistant 
Organisms Organisms 


TABLE 9 
RELATIONSHIP BETWEEN ResisTANCE AND CoLtony Count at 8 Montus 


87 Patients 


COLONY COUNT 
RESISTANCE 


+ per ml. 


None 


Total 


with respect to the patients who completed the entire eight months of treatment 
with isoniazid. 

None of the strains of tubercle bacilli was resistant to 0.1 y of isoniazid per ml. 
prior to contact with the drug. At the end of the first three months, resistance to 
0.1 y accounted for 19 of the 66, or 28.8 per cent, of the resistant specimens. By 
the eighth month this was reduced to 4.6 per cent, the difference being accounted 
for by an increase in the number of strains resistant to 5.0 y, as indicated in 
table 8. 

The subsequent behavior of the tubercle bacilli resistant to 0.1 y of isoniazid 


| 
0.1 19 28.8 3 4.6 
0.5 4 6.1 5 7.7 fe 
1.0 13 19.7 10 15.4 . 
5.0 30 45.4 47 72.3 
3 
| Negative | <i+ | 1+ | | 3+ 4+ Total 
18 | o 0 22 
| i 
0.1 1 2 | 0 0 0 0 3 a 
0.5 0 1 | 1 2 1 0 5 = a 
1.0 0 2 | 3. 3 10 
5.0 0 3 CO 8 9 15 12 47 = 
19 uo} 14 19 13 87 
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per ml., as well as the other strains, is more clearly demonstrated in table 9. 
In this table, the relationship between the resistance developed and the colony 
counts at the eighth month can be observed. It is interesting to note that con- 
version to a negative culture occurred only when the tubercle bacilli were never 
resistant to more than 0.1 y of isoniazid. Furthermore, the bulk of the cultures 
evaluated at 1 plus or higher were resistant to at least 0.5 y. A similar correlation 
between frequency of cultures positive for tubercle bacilli and the presence of 
resistant strains was also noted. 

In view of the above, the following tentative bacteriologic conclusions are 
offered : 


The concentrations of isoniazid for drug-susceptibility testing should be 
0.1 y, 1.0 y, and 5.0 y per ml. of culture medium. 

Resistance to a maximum of 0.1 y should be considered only as a warning 
to the clinician that greater resistance may soon develop. 

If resistance to 1.0 y or to 5.0 y is present, it is probable that the colony 
count will remain at 1 plus or higher. 

When worsening is noted on the roentgenogram at the eighth month, re- 
sistance to 1.0 7 or more is probably also present. 


DISCUSSION 


In discussing the treatment of “the unhospitalized tuberculous patient,” 
consideration must be given to the wide variety of cases included in this category. 
The acutely ill patient awaiting admission to a hospital, the patient recently 
discharged after surgical intervention, and the so-called “good chronic” are all 
unhospitalized cases of tuberculosis. Although each may be receiving anti- 
microbial therapy, they differ in many important respects. 

A sharp distinction must be drawn between the application of chemotherapy 
as part of a home-care program, which is merely an extension of the hospital, and 
its employment as an alternative to institutionalization in the form of ambulatory 
treatment. The patient awaiting admission, carried on pre-hospital home care, 
will usually receive as close an approximation to an institutional regimen as 
possible, including maximal rest and medication administered in the home. The 
patient recently discharged from the hospital who is part of a post-hospital home- 
care program will generally be placed on a schedule of limited physical activity. 
In both instances, the drug therapy received at home will represent only a small 
part of the over-all treatment of the patient’s tuberculosis. On the other hand, 
no attempt is made to change the normal routine or restrict the activity of the 
patient on true ambulatory treatment. In such cases, chemotherapy represents 
the decisive element in the management of the patient’s tuberculosis and can be 
so evaluated. 

The limitations of the present study were clearly recognized from the very 
outset. Of 9,000 unhospitalized patients with tuberculosis in New York City, 
only 110 were selected to receive isoniazid therapy, far too small a sample to 
warrant drawing statistically valid conclusions. Furthermore, the group investi- 
gated was in no sense representative of the entire unhospitalized tuberculosis 
population of the city. The guiding principle in selection was not to include 
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patients for whom isoniazid would serve as a substitute for more firmly estab- 
lished forms of treatment. This confined the material almost exclusively to am- 
bulatory patients not suitable for surgical or collapse therapy because of age, 
extent of disease, or complicating factors. 

Another limiting factor in the study was the type of chemotherapeutic regimen 
employed. Great caution in the avoidance of toxic effects, particularly in elderly 
patients, was considered essential. The dosage schedule of 3 mg. of isoniazid per 
kg. of body weight was minimal and, in the light of present standards, might be 
considered inadequate. Moreover, isoniazid alone was used throughout the study 
and there was no opportunity to take advantage of combinations of drugs which 
have since proved more effective in terms of clinical response and delay of the 
emergence of resistance. 

In these circumstances, it is believed fair to conclude that the results are close 
to the minimum that can be expected from antimicrobial therapy in unhospital- 
ized patients. The sputum conversion rate of almost 18 per cent on repeated 
culture and more than 30 per cent on smears of concentrates is a substantial 
accomplishment in the type of completely ambulant patients of the present 
study. 

What may well be the most significant feature of the present study was the 
change in the behavior and attitude of the patients who received treatment. The 
records of many of them indicated a long-standing lack of cooperation in both 
medical supervision and observation of precautions against the spread of their 
disease. Clinic appointments had been kept irregularly or not at all. During the 
eight consecutive months of treatment, this same group traveled long distances 
in all kinds of weather to make weekly or biweekly clinic visits. Their habits at 
home showed similar improvement. This cooperative attitude remained even 
after their first enthusiasm for the “wonder drug” had worn off. A more striking 
testimonial to the change in the chronic disease patient when the pessimism of 
good advice is replaced by the optimism of treatment would be hard to find. 

These observations are of particular importance in relation to the general 
problem of the treatment of the unhospitalized patient with tuberculosis. Until 
recently there was little public recognition of the fact that such a problem 
existed. The opinion was widely held that an institution was the only place to 
treat every active case of tuberculosis, despite the evidence provided by mass 
surveys that thousands of persons had healed their disease spontaneously and the 
demonstration that antimicrobial treatment could be successfully given in the 
homes of private patients. This point of view had become even less realistic in 
the face of continued bed shortages resulting from the increased length of hospital 
stay and larger proportion of “good chronics” accompanying more extensive and 
prolonged use of antimicrobial therapy. 

Fortunately, a more logical approach to the subject of the treatment of the 
unhospitalized tuberculous patient is now emerging. What is needed at this time 
is not hospital or home treatment but a plan for the coordinated management of 
each patient, utilizing all of the available facilities to the maximum. Such a 
program will call for the application of the most effective therapeutic regimens, 
given in the home when feasible; in the hospital, when not. It will demand the 
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close correlation of medical care in the home with surgical care in the hospital. 
And it will require compromise in the allocation of institutional beds between 
the concern of the clinician with the complete cure of the individual patient and 
of the health officer with the complete protection of the community. The ex- 
perience with isoniazid in ambulatory patients, as reported here, should be re- 
garded as but one step in this direction, part of the framework of a coordinated 
all-out attack on tuberculosis. 


SUMMARY 


A group of 110 ambulatory patients with chronic tuberculosis were treated 
with isoniazid in dosage of 3 mg. per kg. of body weight daily. Eighty-eight 
completed eight months of treatment. 

No significant toxic reactions were observed. 

Gain in weight and reduction in the volume of sputum were noted in a sub- 
stantial proportion of all patients. 

Some degree of roentgenographic improvement was noted in 47 per cent of 
those patients who completed eight months of treatment, and in 16 per cent 
there was moderate to marked improvement. Roentgenographic worsening oc- 
curred in 11 per cent of the group. 

Reduction in the frequency of positive bacteriologic findings and in the number 
of colonies of tubercle bacilli isolated was observed in most instances. Complete 
sputum “conversion” by culture was observed in 18 per cent of patients. In 31 
per cent of cases, organisms could not be found in smears of concentrated sputum 
specimens. 

Improvement in bacteriologic status was associated with failure to develop 
resistance to more than 0.1 + of isoniazid. 

When roentgenographic worsening was noted, cultures almost invariably 
showed large numbers of colonies of tubercle bacilli and the strains were resistant 
to 1.0 y or more of isoniazid. 

This study indicates that the treatment of ambulatory patients with isoniazid, 
when properly integrated with all other available therapeutic measures, has a 
definite place in the public health control of tuberculosis. 


SUMARIO 
El Tuberculoso sin Hospitalizar 


Un grupo de 110 enfermos ambulantes con tuberculosis crénica fué tratado con isonia- 
cida a dosis de 3 mg. por kg. de peso diariamente. Ochenta y ocho completaron ocho meses 
de tratamiento. 

No se observaron reacciones téxicas de importancia. 

En una proporcién substancial de los enfermos notéronse aumento de peso y disminu- 
cién del volumen de esputo. 

Observése alguna mejoria radiogrdfica en 47 por ciento de los enfermos que cumplieron 
ocho meses de tratamiento; y en 16 por ciento, hubo mejorfa que varié de moderada a no- 
table. En 11 por ciento, hubo empeoramiento. 

Descubriése reduccién de la frecuencia de los hallazgos bacteriolégicos positivos y del 
nimero de bacilos presentes, con viraje completo del esputo en 31 por ciento de los enfer- 
mos en los frotes y en 18 por ciento en los cultivos. 

El mejoramiento del estado bacteriolégico se asocié con falta de formacién de resistencia 
a mas de 0.1 » de isoniacida. 
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Cuando se noté empeoramiento en las radiografias, los cultivos fueron casi siempre 
altamente positivos y habfa resistencia a 1.0 7 o mds de isoniacida. 

Este estudio indica que el tratamiento de los tuberculosos ambulantes con isoniacida 
tiene su puesto bien definido en la lucha sanitaria contra la tuberculosis. 


RESUME 
Le tuberculeux non hospitalisé 


Un groupe de 110 malades ambulants affectés de tuberculose chronique a été traité par 
l’isoniazide a la dose quotidienne de 3 mg. par kg. de poids. On a administré la durée du 
traitement a été de huit mois chez 88 d’entre eux. 

Aucune réaction appréciable d’intolérance n’a été observée. 

Le gain de poids et la réduction de volume des crachats ont été observés dans une pro- 
portion importante du groupe. 

Uncertain degré d’amélioration des radiogrammes a été observé chez 47% des malades 
ayant regu le traitement de huit mois et, chez 16% d’entre eux, le degré d’amélioration 
variait entre modéré et marqué. L’aggravation s’est produite chez 11% des malades. 

Une réduction de la fréquence des résultats bactériologiques positifs et du nombre de 
bacilles présents a été observée; une conversion compléte s’est manifestée chez 31% des 
malades en ce qui concerne |’étalement, et 18% en ce qui concerne la culture. 

L’amélioration de |’état bactériologique coincidait avec l’absence de résistance A une 
dose d’isoniazide supérieure a 0,1 y. 

Quand le radiogramme montrait une aggravation, les cultures étaient presque invaria- 
blement trés positives et la résistance A 1 y, ou plus, d’isoniazide était présente. 

Cette étude indique que le traitement par |’isoniazide des malades ambulants a une 
place définie dans le contréle de la tuberculose par les services de Santé publique. 


Addendum 


Follow-up observations eight to twelve months after start of ambulatory treatment program: 
At the end of eight months of treatment with isoniazid, those patients who showed defi- 
nite roentgenographic or bacteriologic improvement, or who had sputum containing bacilli 
still sensitive to 0.1 y of isoniazid, were continued on the same treatment regimen for an 
additional four months. Those who did not show improvement, who had sputum with 
bacilli resistant to 0.1 y of isoniazid but susceptible to 100 y of streptomycin, were placed 
on 1 gm. of streptomycin twice a week and 12 gm. of PAS daily for the additional period of 
four months. The remaining patients had all antimicrobial treatment discontinued for the 
final four-month period. 

The results one year after start of ambulatory treatment in 88 patients are shown below: 


BACTERIOLOGIC 


BOENTGENOGRAPHIC STATUS | STATUS 


| Conver- | 

| sion* on | 
| Deterior- | Micro- | = 
ation | scopic Culture 


Examina- 
tion 


or Improve- 

Marked ment 
Improve- or No | 
ment | Change 
| 


TREATMENT REGIMEN TOTAL Moderate | Slight 


Isoniazid: 8 to 12 months......... : 21 
Isoniazid: 8 months; streptomycin- 
PAS: 4 months... . 


14 46 
16 52 


* Based on last three consecutive monthly concentrated sputum specimens. 


‘ 
| 
| 
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During the final four months of observation, there were 2 additional deaths, one due to 
a perforated ulcer and the other due to progressive pulmonary tuberculosis. 
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INTRODUCTION 


The physician who treats tuberculous patients is vitally concerned with both 
the clinical course of pulmonary tuberculosis and its ultimate outcome. A re- 
liable means of studying this course and outcome is afforded by the follow-up 
observations on suitably selected groups of patients. Regarding such groups, 
several pertinent questions may be proposed, among the more important being: 
At any stated number of years afler diagnosis, what per cent of the group have ar- 
rested disease, what per cent have active disease, and what per cent are dead? Applied 
to the individual patient, this question may be rephrased as follows: At any stated 
number of years after diagnosis, what are his chances of having arrested disease, 
having active disease, or being dead? 

If a physician is favored with a large number of patients who are simultane- 
ously diagnosed and carefully followed for a long time, he will be able to answer 
directly the proposed questions. More often the physician must content himself 
with following a modest number of patients whose diagnoses are scattered over 
a period of years. Hence, at such time as the accumulated data are summarized, 


the length of follow-up will vary from patient to patient. Information collected 
and summarized under such conditions has been subjected to a number of 
methods of analysis, several of which will be noted briefly. 


Review of Methods of Analysis 


Stadler (1) described the survival of 670 patients who were diagnosed as having 
pulmonary tuberculosis during the period from April 1, 1893, to April 1, 1901, 
and who were followed until April 1, 1902. He constructed a table (table 1) 
showing the per cent of survivors at various intervals after diagnosis. All of the 
670 patients in his study were followed at least one year, so that the percentage 
of survivors one year after diagnosis can easily be computed (638/670 = 95.2 
per cent). Of the original 670, 129 were diagnosed during the period between 
April 1, 1900, and April 1, 1901, and therefore could be followed for only one 
complete year. The remaining 670 — 129 = 541 patients were diagnosed prior 
to April 1, 1900, and, hence, were followed at least two years. Of these, 442/541 = 
81.7 per cent were alive two years after diagnosis. The percentage of survivors 
for each succeeding year of follow-up is calculated in a like manner. 

More recently this method has been used by Stephens (2) in an excellent study 
of the after-history of pulmonary tuberculosis. In her appraisal she tabulates 
the follow-up data three, five, and ten years after diagnosis. At each of these 


1 From Hermann M. Biggs Memorial Hospital, Ithaca, New York. 
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years the percentage of survivors is divided according to status (able to work, 
still “curing”, “curing” again) and the percentage of dead according to the 
cause of death (tuberculous, nontuberculous). Berkson and Gage (3) have named 
the form of analysis used by Stadler and Stephens the “ad hoc’’ method. This 
method affords useful conclusions when it is assumed that patients with a short 
follow-up will later have the same experience as is observed in patients with 
longer follow-up. The percentage of survivors at a stated number of years after 
diagnosis is an estimate of the probability of the individual patient surviving 
an equal number of years. 

It has long been commonplace in actuarial practice to calculate the prob- 
ability of surviving a given number of years after a specified age. For example, 
the probability of surviving seven years after having attained the age of twenty- 
two is computed by multiplying together the probabilities of living through the 
twenty-second year of age and through each year thereafter up to and including 
the twenty-eighth year. This actuarial principle may be applied to the analysis 


TABLE 1 


SurvivaL or 670 Tusercutous Patients ApMITTED TO THE MarsurG Potyciinic 
Between 1893 anp 1901 (1) 


LENOTH OF FOLLOW-UP IN YEARS 


Number of patients followed 670 |541 307 (357 311 
Number of patients alive after given | 


number of years of follow-up 638 442 347 300 (237 193 (137 98 
Per cent of patients alive after given 
number of years of follow-up 95.2 81.7 72.8 67.0 59.7, 54.1 44.2 35.3 25.5 


of follow-up data as follows: The probability of surviving, say, ten years after 
diagnosis is computed by multiplying the probabilities of living through the 
first year after diagnosis and through each year thereafter up to and including 
the tenth year. 

The first application of this actuarial principle to the follow-up of tuberculosis 
was made in 1908 by Brown and Pope (4). Hill (5) gives a somewhat fuller ex- 
planation of the technique. For each year after diagnosis (or some other definable 
event), the proportion of survivors is calculated by dividing the number at the 
end of the year by the number at the beginning of the year. Since each of these 
proportions is an estimate of the probability of a patient’s surviving throughout 
a specified year, the product of a number of consecutive proportions is an estimate 
of the probability of surviving an equal number of consecutive years. In com- 
puting the latter probability, the tacit assumption is made that patients with a 
short follow-up will later have the same experience as is observed in those with 
a longer follow-up. 

On the date chosen for summarizing the accumulated follow-up information, 
the chances are that any given patient will be a certain number of years plus 
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some months away from diagnosis. Some authors (Thompson (6) and Tattersall 
(7)) discard information pertaining to these “left-over” months (which on the 
average will be six in number). On the other hand, others (Puffer and associates 
(8) and Berkson and Gage (3)) make use of the data pertaining to these months by 
assuming that the patient is, for all practical purposes, under study for a half 
year (the “half-rule’’). Opinions vary whether the use of the half-rule materially 
improves the estimates of the probabilities (9, 10). 

To summarize, in the ad hoc method, the percentage of survivors at a stated 
interval after admission to study is computed first and then used to estimate 
the probability of a patient’s surviving an equal length of time. In the actuarial 
method, the order of these steps is reversed: First, the probability of a patient’s 
surviving a stated interval is calculated and then used to estimate the percentage 
of survivors at the end of the interval. The two methods differ in a more im- 
portant respect, however, than the order in which the described steps are taken. 
In the ad hoc method the probability of surviving, say, ten years after diagnosis 
is calculated from data concerning only those patients who have at least ten 
years of follow-up. On the other hand, in the actuarial method the same prob- 
ability is calculated from data on all the patients under study, irrespective of 
the length of follow-up. It is clear that the application of the actuarial principle 
makes much fuller use of the available information than the ad hoc method and, 
hence, leads to more accurate estimates of the probabilities. Since equivalent 
assumptions are made in the two methods, the actuarial approech appears prefer- 
able. 


DESCRIPTION OF METHOD 


A method is now proposed which employs a principle similar to the actuarial 
in computing the percentage of survivors for each year of after-history and which 
in addition subdivides the survivors according to status. Reasonably full use is 
made of the available data, and a complete answer is provided to the questions 
stated in the opening paragraph. Furthermore, the method facilitates the study 
of chronic disease by taking full account of both the duration and recurrence of 
relapses. 

The technique of the proposed method is discussed below. The corresponding 
procedure using life-table analysis will first be summarized briefly: 


1. The number of survivors (L,) at the end of each year is calculated without the 
use of the half-rule (since, for reasons given beiow, all follow-up information 
pertaining to the “left-over” months is discarded). 

2. The number of survivors is subdivided by status according to the observed 
percentages of active and arrested patients. 


The life-table analysis of the present problem will be found in special reference 
table 1 at the conclusion of this article. It is of interest that Gauld and his co- 
workers (11) probably made such an analysis but failed to publish the details of 
the method employed. 

To those less familiar with life tables, the technique of calculation described 
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TABLE 2 


Patients Treatep sy 1938-1947 CLassiriep spy Status aT 
Eacn ANNIVERSARY 


(7) (8) 


Provi- Correc- 


| ao an | a2 | as | 
FACTORS EXPECTED PERC 


| Died | 
rented | Active ober 
| | | culosis | 

.0000 0.4878 
.0000 0.4878 


sional _ tion 


48.78 46.83 
| 4.39 


(14) (1S) 


ENTAGES 


Died | 
Non- 
tuber- 
culous | 
Disease 


0.49 
0.49 


0.49 
(1.13 


1.62 


.02820. 


07870. 


,0000 0. 4873468, 29 24.88 1.95 
6.34 
0000/0. 4878173 .17 17.561.95 [0.49 
| 8.29) 0.49) 
[0.56 | 
9.98) 1.06) 
0403 0.5862 70.94/14.66 1.17 0.50 | 


(11.16) 1.64 


0.53 12.061.81 (0.60 
| 12.96) 2.24 
1.52,10.400.65 | 


, 1.68 
0.60 
2.22 


2.24 2.22 


13.61) 
8.94)2.98 |0.74 
16.69 2.98 2.22 
98 


18.67 2.98 2.22 


14550.744 
30 7.921 


3276 1.3142}69.65, 6.57 


Number of years after thoracoplasty. 
Number of living patients with arrested disease at anniversary. 
Number of living patients with active disease at anniversary. 
Number who died of tuberculosis since previous anniversary. 
Number who died of causes other than tuberculosis since previous anniversary. 
Number lost since previous anniversary. 
Total number at anniversary, sum of columns (2) to (6), inclusive. 
Number of “‘incomplete’’ patients at anniversary. These patients were alive and 
traced at the previous anniversary but had too short a follow-up to attain the 
specified anniversary. 


18.57, 2.98 2.22 


column (7) + column (8) 

column (7) 
Correction factor for anniversary = column (9) X correction factor for previous 
anniversary. The correction factor for anniversary 0 is 100/205 = 0.4878. 
Expected percentage of living patients with arrested disease at anniversary: 
column (2) X column (10). 
Expected percentage of patients with active disease at anniversary: column (3) X 
column (/0). 
Expected percentage of patients dead of tuberculosis at anniversary: column 
(4) X column (10). Cumulative percentages in italics. 
Expected percentage of patients dead of causes other than tuberculosis at an- 
niversary: column (5) X column (10). Cumulative percentages in italics. 
Expected percentage of patients lost at anniversary: column (6) X column (10). 
Cumulative percentages in italics. 
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below may be found useful. The numerical results obtained by employing the 
life-table method are identical to those obtained by using the appropriate an- 
niversary method (see special reference table 2 at the conclusion of this article). 

The essential feature of the method is the tabulation of each patient’s condi- 
tion on admission to study and thereafter at yearly intervals (anniversaries). 
At such anniversaries, a patient can be assigned a clinical status in accordance 
with the National Tuberculosis Association standards. In contrast to the ease 
with which these assignments are made, the precise dating of ‘‘arrest of disease”’ 
and “reactivation of disease’’ is extremely difficult. Indeed, Sartwell has re- 
marked, “It would not be possible to make ‘arrest of disease’ (an) end point. . . 
because this event cannot be sufficiently well oriented in time” (12). The an- 
niversary method avoids such precise dating by ensuring that no patient will be 
assigned a clinical status more frequently than once a year. Consequently, in- 
formation pertaining to the “left-over” months is discarded and the half-rule is 
eliminated. 


Use of Anniversary Method in Study of Post-Thoracoplasty Patients 


f For illustration, data will be used from a ten-year follow-up study of thora- 
coplasty (13). Two hundred and five patients underwent operation during the 
years 1937 through 1947 and were followed until January 1, 1951. At the time of 
operation and at annual intervals (anniversaries) thereafter, each patient was 
assigned to one of the following categories on the basis of information obtained 
from the medical record. If the condition of a patient changed between two an- 


niversaries, his new status was recorded at the latter anniversary. For the reasons 
given above, all information pertaining to the “left-over” months was discarded. 
For example, if a patient died or became untraced after his 1950 anniversary, no 
account was taken of this fact. 


Categories: 

Arrested—For six months or more prior to the anniversary, the patient’s 
sputum has been free of tubercle bacilli and his serial chest roentgenograms have 
been compatible with stable disease. 

Active—Within six months prior to the anniversary, the patient’s sputum 
may have contained tubercle bacilli but, if not, serial chest roentgenograms 
have shown unstable disease. A patient may be assigned to the active or arrested 
categories a number of times, depending on his postoperative survival and trace- 
ability as well as on the length of his follow-up. On the other hand, the assign- 
ment of a patient to one of the categories listed below terminates his series of 
assignments. 

Died of tuberculosis—During the year prior to the anniversary, the patient 
died of progressive tuberculosis. Deaths from any cause occurring within sixty 
days of thoracoplasty (postoperative deaths) are included arbitrarily in this 
category at the first anniversary. 

Died of nontuberculous causes—During the year prior to the anniversary, 
the patient died of causes known to be other than tuberculosis. 

Lost—The patient became permanently lost to follow-up during the year 
prior to the anniversary. 
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Incomplete—The patient is alive and traced at that anniversary which occurs 
in 1950, but he underwent operation too recently to have completed ten years of 
follow-up. Accordingly, he is assigned either to the “active” or the “arrested’”’ 
category at the 1950 anniversary and to the “incomplete” category at his next 
succeeding anniversary. 


Columns (2) to (@) and (8) of table 2 show the number of patients assigned to 
each category at the completion of operation and at ten succeeding anniversaries. 
There is no difficulty in handling the data collected at the time of operation and 
at the first three anniversaries since no patients are assigned to the “incom- 
plete” category during this interval. The collection of follow-up information is 
regarded as completed. 

Beginning at the fourth anniversary, patients are assigned to the “incom- 
plete” category. The method of handling them is now illustrated. 

There are 186 patients living and traced at the third anniversary and, of these, 
25 underwent operation too recently to attain their fourth anniversary. The data 
collected at the fourth anniversary will pertain to only 186 — 25 = 161 patients, 
who can be accounted for as follows: 

Third Anniversary Fourth Anniversary 

150 = 125 arrested 

36 active 


is 
\ 30 active | 


3 dead—tuberculosis | 161 


1 dead—nontuberculous disease 
‘ 2 lost 
25 incomplete 
(These patients underwent operation too recently to attain their fourth 
anniversary ) 


It is assumed that the 25 “incomplete” patients are a random sample of the 
161 other patients and therefore will have the same follow-up experience as is 
actually observed for the 161 at the fourth anniversary. On this assumption, the 
number of patients listed in each category under Fourth Anniversary will be 
multiplied by a provisional factor (186/161 = 1.1553) to obtain the number ex- 
pected in that category if all 186 patients had been followed to the fourth an- 
niversary. 

Arrested 125 X 1.1553 = 144.4 
Active 30 X 1.1553 34.7 
Deaths from tuberculosis 3X 1.1553 3.5 
2 
3 


Deaths from other causes 1 xX 1.1558 
Lost 2x 1.1553 


Of the 155 patients living and traced at the fourth anniversary (161 minus 4 
deaths and 2 losses), 6 underwent operation too recently to attain their fifth an- 
niversary, leaving 155 — 6 = 149 who can be accounted for as follows: 

Fourth Anniversary Fifth Anniversary 
125 arrested | 121 arrested 
30 active | _ 25 active 149 
2 dead—tuberculosis 
1 dead—nontuberculous disease } 
6 incomplete 
(These patients underwent operation too recently to attain their fifth 
anniversary) 
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Using the same assumption and technique as described above, the numbers 
listed under Fifth Anniversary are multiplied by a provisional factor (155/149 = 
1.0403) to obtain the results expected if all of the 155 patients had been followed 
from the fourth to the fifth anniversary. But there remains the underlying ques- 
tion: What are the expected results if all of the 186 patients living and traced at 
the third anniversary were followed to the fifth anniversary? Of these 186, there 
would be an expected 186/161 x 155 living and traced patients at the fourth 
anniversary, instead of the observed 155. Taking this fact into account, the ex- 
pected numbers at the fifth anniversary are calculated by multiplying the ob- 
served numbers by 


186/161 & 155/149 = 1.1553 & 1.0403 = 1.2019. 


It is convenient to express the expected numbers at each anniversary as per- 
centages of the total number of patients (205 patients). To obtain these per- 
centages, the expected numbers are multiplied by 100/205. Accordingly, at each 


ACTivEe 


DEAD | 


ANNIVERSARY AFTER THORACOPLASTY 


Fig. 1. Status at anniversary. Two hundred and five patients with thoracoplasty for 
parenchymal disease. 


anniversary, the observed number of patients in each category, excepting the 
“incomplete,”’ is multiplied by a correction factor which is 100/205 times the 
product of the provisional factors pertaining to that and all previous anniversaries. 
The provisional and correction factors are entered in table 2, columns (9) and 
(10), respectively. At a specified anniversary, the expected percentages in columns 
(11) to (15) are obtained by multiplying the corresponding entry in columns (2) 
to (6) by the correction factor in column (10). The italicized entries in columns 
(13), (14), and (15) are the expected percentages of patients who since operation 
have died of tuberculosis, have died of nontuberculous causes, and have been 
lost, respectively. For example, at the fifth anniversary, the expected percentage 
of tuberculous deaths since operation is 4.39 + 1.95 + 1.95 + 1.69 + 1.17 = 
11.15 per cent; the expected percentage of nontuberculous deaths is 0.49 + 
0.56 + 0.59 = 1.64 per cent; the expected percentage of losses is 0.49 + 1.13 = 
1.62 per cent. In figure 1 is shown graphically the values appearing in columns 
(11) and (12) as well as the italicized values in columns (/3), (14), and (14). 
Straight lines connect the related points at successive anniversaries. 
Columns (11) to (15) of table 2 give a qualified answer to the question pro- 
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posed at the outset. A direct answer has not been given because a few patients 
have been lost to follow-up. The manner in which these untraced patients are 
handled in the calculation depends partly on the aspect of tuberculosis which 
is being investigated. 

To the administrator concerned with the problems of tuberculosis control, 
the percentage of lost patients in relation to time is of considerable interest. There 
is evidence (14) that a person with pulmonary tuberculosis of recent onset has 
a poorer prognosis than a person whose disease, although of the same extent, has 
remained stable for some time. Hence, patients lost early after diagnosis might 
be considered to constitute a greater public health problem than those lost later. 
Again, if losses are not evenly distributed throughout the period of study, some 
changes in programming may be indicated. The analysis of losses by the tech- 
nique described above is most useful to the administrator. 


2 3 5 6 7 8 9 10 
ANNIVERSARY AFTER DIAGNOSIS 


Fig. 2. Status at anniversary. Minimal arrested at diagnosis: 314 cases. 


On the other hand, the loss of patients to follow-up does not permit the phy- 
sician who treats tuberculosis to answer directly the proposed question. The gap 
in the after-history of the lost patients can be bridged by applying an assumption 
analogous to that made about “incomplete” patients, i.e., lost patients are as- 
sumed to be a random sample of the patients remaining under observation and 
therefore will have the same follow-up results. Whereas it is often possible to 
verify the assumption regarding “incomplete”’ patients, the assumption about lost 
patients is rarely subject to confirmation. In the present example, the stated as- 
sumptions about “incomplete” patients and lost patients are applied by adding 
each entry in column (6), table 2, to the corresponding entry in column (8), 
eliminating columns (6) and (15), and carrying out the calculations as previ- 
ously. The procedure is illustrated in special reference table 2. As was noted 
above, the numerical results are identical to those obtained with the use of the 
life-table method (see special reference table 1). 

Since the number of untraced patients in the thoracoplasty study is quite 
small, the assumptions about incomplete and lost patients were applied, for pur- 
poses of illustration, to clinical material containing more numerous losses (15). 
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The application of the assumption about “incomplete” patients only is illustrated 
in figure 2, while in figure 3 is illustrated the application of assumptions about 
both the lost and “incomplete’’ patients. As the number of losses shown in figure 2 
increases at the later anniversaries, the reliability of the expected percentages 
shown in figure 3 decreases because of the growing weight given to the uncon- 
firmed assumption about lost patients. 


PCRCENT 
100 
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. Status at anniversary. Minimal arrested at diagnosis: 314 cases. 
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ANNIVERSARY AFTER THORACOPLASTY 
~--- 96 PATIENTS WITH OPERATION BETWEEN 1937 & 194) 


—— 107 PATIENTS WITH OPERATION BETWEEN (942 & 1947 


Fic. 4. Status at anniversary. Comparison of two groups of patients. 


Since the assumption regarding “incomplete” patients is continually being ap- 
plied, one should be alert to the conditions which invalidate it. Among these are 
(a) an effective change in therapy, and (b) variation in the clinical material 
admitted to study. Several means of appraising these conditions are available. 

In the thoracoplasty study, the method described above was applied to those 
patients who were admitted during the first five years (1937 through 1941) and 
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then to those patients admitted during the last six years (1942 through 1947) 
(figure 4). Since the results compare closely, there appears to have been no sig- 
nificant variation in either clinical material or treatment. Alternatively, the re- 
sults of the full study may be compared with the results based on data collected 
during a shorter period of follow-up. 


SUMMARY 


The clinical course of a group of patients with pulmonary tuberculosis is sub- 
ject to a number of methods of analysis. Several of these methods make reason- 
ably complete use of the clinical data and take full account of the following vari- 
ables: the length of time each patient is under observation; the length of the 
interval between admission to study and a clinical event such as death, arrest of 
disease, or relapse; the duration and recurrence of arrest or relapse in each patient 
who remains under observation. 

A modification of the life-table method which fulfills the above criteria is 
briefly described. 

An alternative method of calculation is proposed which also meets the above 
criteria and which may prove quite useful to those unacquainted with the life- 
table technique. 

Under identical sets of assumptions concerning “incomplete” and lost patients, 
the same numerical results are obtained by use of the life-table method and the 
alternative method. 


SUMARIO 
La Historia Posterior de la Tuberculosis Pulmonar: Métodos de Valuacién 


La evolucién clinica de un grupo de tuberculosos pulmonares fué sometida a varios 
métodos de andlisis. Varios de estos métodos utilizan bastante bien los datos clinicos y 
toman debidamente en cuenta las siguientes variables: tiempo que cada enfermo ha estado 
en observacién; duracién del plazo transcurrido entre el ingreso para estudio y algdn 
acontecimiento clinico tal como fallecimiento, estacionamiento de la dolencia o recidiva; 
duracién y recurrencia del estacionamiento o de la recafda en cada enfermo que permanece 
en observacién. 

Deseribese brevemente una modificacién del método de las tablas de duracién de la vida 
que cumple las pautas mencionadas. 

Propénese un método alternativo de cAleulo, que también cumple las pautas y que puede 
resultar bastante Gtil a los que no conocen las técnicas de las tablas de duracién de la vida. 

Con series idénticas de suposiciones relativas a los enfermos “‘incompletos”’ y perdidos 
de vista, obtiénense los mismos resultados numéricos con el método de las tablas de dura- 
cién de la vida y con el método jalternativo. 


RESUME 
Histoire des suites de la tuberculose pulmonaire. Méthodes d’évaluation 


Le cours clinique d'une série de cas de tuberculose pulmonaire est soumis A un certain 
nombre de méthodes d’analyse. Plusieurs de ces méthodes comportent |’emploi judicieux 
des données cliniques et tiennent strictement compte des variables suivantes: La durée de 
l’observation pour chaque malade; la durée de l’intervalie entre |’introduction dans l'étude 
et un événement clinique, tel que la mort, la stabilisation de la maladie ou la rechute; la 
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durée et la récurrence des rémissions ou des rechutes chez chacun des malades demeurésen 
observation. 

Une modification de la méthode du tableau de survie, qui tient compte des critéres ci- 
dessus, est décrite. 

Une seconde méthode d’évaluation est offerte; elle satisfait également A ces critéres et 
se montre trés utile pour ceux non familiarisés avec la technique du tableau de survie. 

Dans une série de postulats identiques concernant des cas “‘incomplets’’ ou perdus, les 
mémes résultats numériques sont obtenus avec la méthode du tableau de survie et avec la 
seconde méthode. 
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SPECIAL REFERENCE TABLE 1 
Lire-Tasie ANALYsIs oF THE ResuLts or THoracovLasty ON 205 Patients 


YEARS SUBDIVISION 
AFTER | PER CENT or Le 
OPERA- 
trom | Ox Gide | | Le 
TO 


0.0439 0.9561 1,000 
0.02050.9795 956 
0 .02620.9738 936 
0.02520.9748, 911 
0.0201 0.9799 888 
0.0282.0.9718, 870 
0.00790.9921 845 
0.04550.9545 838 
0.0253.0.9747, 800 
0.0000 1.0000 780 

780 


Number present in study at start of period x to x + 1. 

Number withdrawn from study between x and x + 1, by being lost from observa- 

tion or termination of study. 

Number who died of all causes between x and x + 1. 

Probability of dying during this period = 0. — We. 
Probability of surviving during this period = 1 — ,q,. 

L. Number remaining alive at time x out of an initial thousand, at these rates (each 
successive value obtained by multiplying Lz —, by p,4,_,). 

1D, Number who died of all causes out of initial thousand = L,(q,4,). 

Per cent of deaths between x and x + 1 due to tuberculosis = 


Number of deaths due to tuberculosis between x and x + 1 x 100 


id, 

Cum D, — TB Cumulative number of deaths due to tuberculosis out of initial thou- 

sand up to, and including, the current year (by addition) (tuberculous 
deaths found by multiplying ,D, by per cent of deaths due to tu- 
berculosis). 
Cumulative number of deaths due to causes other than tuberculosis 
up to, and including, the current year (by addition) (nontuberculous 
deaths found by multiplying ,D, by 100 minus per cent of deaths due 
to tuberculosis). 


number arrested at x 
total living at x 
Arrested L, multiplied by per cent of living arrested at x. 

Active Lz minus number arrested. 


Per cent of living arrested at x = x< 100. 


48 

O-1 | 205 0 9 “| 10 4 | | 24 | 976 
1-2 | 196] 1) 4 100 | 64 | | 488 | 468 
2-3 | 191 5 | | 5 | 73.3 | 686 | 250 
3-4 | 186, 27 | 4 7 | 101 | | 80.6 | 734| 177 

4-5 | 155 6) 3 66.7 | 113 | 17 | 80.6 | 716 | 172 
56 146 5) 4 25| 75 132 | 23 | 82.9 | 721 | 149 
6-7 | 137, 1 7 100 139 | 2 | 85.4 | 722 123 

-. 7-8 | 12616) 5 38/ 80 | 169 | 31 | 87.3 | 732) 106 

8-9 | 105 26 | 2 2; 100 | 1899 | 31 | 88.6 | 91 
J 9-10 | 77 19| 0 — | 1899 | 31 | 89.6 | 699) 81 

10 5 | 91.4 | 713) 67 


AFTER-HISTORY OF PULMONARY TUBERCULOSIS 


SPECIAL REFERENCE TABLE 2 


Patients TrReaTep BY THoracopiasty 1938-1947 Ciassiriep By STaTus aT 
Eacn ANNIVERSARY 


(8) Provisional factor for anniversary = 


column (6) + column (7) 
column (6) 


anniversary. The correction factor for anniversary 0 is 100/205 = 0.4878. 


column (2) X column (9). 


column (9). 


(4) X column (9). Cumulative percentages in italics. 


a) | @) @ | » | | ay | an (13) 
| FACTORS EXPECTED PERCENTAGES 
SARY | Died of |,,Died of 
Ae \Active| Tuber. culous Arrested | Active | Tubercu- 
| Dis | | losis Disease 
0 | 5 | 200/ 0 | | | 1.0000 | 0.4878 | 2.44/ 97.56; 0 | 0 
1 | 100} 96} 9 | | 0 | 1.0000 | 0.4878 | 48.78 46.83 4.39 | 0 
4.39 
2/140) 4 | 0 | 195 1 | 1.0051 | 0.4903 | 68.64 | 25.01 1.96 | 0 
| 6.386 | 
3150; 36/ 4 | 1 | © | 1.0000 0.4903 | 73.55 17.65 | 1.96 | 0.49 
| | 8.81 | 0.49 
4|}125; 3; 3 | 1 | 15 | 97 | 1.1698 0.5736 | 71.70 | 17.21 | 1.72 0.57 
| | | 10.03| 1.06 
5 | 121 25 2 | 1 | 149 6 | 1.0403 | 0.5967 | 72.20 14.92 1.19 | 0.60 
| 11.92 1.66 
6/7; @| 3) 1 | mM 5 | 1.0355 | 0.6179 | 72.29 | 12.36 | 1.85 0.62 
| | 13.07 | 2.28 
7/110) 16 1 | | 127) 10 1.0787 | 0.6665 | 73.32 10.66 0.67 | 
| | | | 18.74 | 2.28 
8 | 9%) 12 4; 1 110 16 | 1.1455 | 0.7635 71.01 9.16 3.05 | 0.76 
| | 16.79| $8.04 
2 0 | 79 26 | 1.3201 1.0148 | 70.02) 8.12 2.03 | 
18.82 | 3.04 
10 | 53; 58) O 0 58 19 | 1.3276 | 1.3472 | 71.40 6.74) 
| | | 18.82 3.04 
(1) Number of years after thoracoplasty. 
(2) Number of living patients with arrested disease at anniversary. 
(3) Number of living patients with active disease at anniversary. 
(4) Number who died of tuberculosis since previous anniversary. 
(5) Number who died of causes other than tuberculosis since previous anniversary. 
(6) Number at anniversary, sum of columns (2) to (6) inclusive. 
(7) Number of incomplete end lost patients at anniversary. 


(9) Correction factor for anniversary = column (8) X correction factor for previous 
(10) Expected percentage of living patients with arrested disease at anniversary: 
(11) Expected percentage of patients with active disease at anniversary: column (3) X 
(12) Expected percentage of patients dead of tuberculosis at anniversary: column 


(18) Expected percentage of patients dead of causes other than tuberculosis at an- 
niversary: column (6) X column (9). Cumulative percentages in italics. 
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COMBINED REST AND EXERCISE IN THE TREATMENT OF 
MINIMAL TUBERCULOSIS' 


A Follow-Up Study of One to Thirty Years 


EDWARD N. PACKARD anv PAUL F. FLYNN 


(Received for publication May 27, 1953) 


INTRODUCTION 


Combined rest and exercise were formerly prescribed for patients in the 
minimal stage of pulmonary tuberculosis with mild or no constitutional symp- 
toms. In recent years, however, any form of exercise for patients in this category 
has been regarded as injurious. As a consequence, bed rest has, in general, re- 
placed combined rest and exercise. In many instances, strict bed rest which 
excludes bathroom privileges is employed, and at times even writing or listening 
to the radio is not permitted. The duration of this form of treatment is usually 
from three to six months, except in those instances where stabilization of the 
lesion is deemed essential before allowing the patient out of bed, in which case 
the treatment may be prolonged to a year or even longer (1). 

It seemed to the writers, from casual observations covering a period of many 
years, that the results with bed rest were not superior to those obtained in 
earlier days by rest in reclining chairs combined with graduated walking exercise. 
Such impressions often prove fallacious, however, and for this reason the one- to 
thirty-year follow-up observations have been studied for 152 patients with un- 
complicated active minimal tuberculosis who were treated by combined rest and 
exercise at the Trudeau Sanatorium during the years 1921 to 1929, inclusive. 


Review of Literature 


The first proponent of strict bed rest for the ‘early’ tuberculous lesion was Amberson 
(2) who, in 1937, reported his observations of more than 100 patients treated by strict 
bed rest for two to four months. In a follow-up period of one to ten years, a “lasting cure”’ 
was obtained in approximately 90 per cent of the cases. The measure also appeared to 
prevent the “early” lesion from progressing, since “the majority of early infiltrations 
developing in young people progress and undergo excavation if they are not promptly 


and properly treated.” 
The experience of Childress (3) was less favorable. In a series of 45 patients in the 


“early” stage, on strict bed rest for an average period of six months, he found that the 
disease had progressed to the advanced stage in no less than 10 instances (22 per cent). 
Five lesions progressed while the patients were on bed rest, and 5 reactivated and pro- 
gressed after first responding favorably to a period ot hospitalization and bed rest. Two 


patients in this group died of tuberculosis. 
The study of Badger and Ayvazian (4) included 45 nurses in training who presented 


! Aided by a grant from the Lawrason Brown Memorial Fund, Saranac Lake, New York. 
* The “early” lesion is located in the upper part of the lung, is usually not more than 
3 em. in diameter, and is early in the sense that it is discovered within a year by serial 


roentgenograms. 
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“early” lesions with a follow-up period ranging from five to fifteen years. Thirty-two of 
the 45 nurses in this series received bed rest with bathroom privileges for a period of 
five and one-half months. The disease was arrested in 26 patients (81 per cent); 5 were 
still under observation; one died (2.2 per cent). The remaining 13 nurses refused treatment 
and were permitted to continue their nursing duties under medical supervision. Relapses 
occurred in 3 of these, who were then treated by modified bed rest, but ultimately the 
disease was arrested in all instances. 

Bobrowitz, Hurst, and Martin (5), in a study of 220 minimal cases of “all types,” 
found an accumulative five-year progression rate of 42 per cent. Of 66 patients with 
“exudative and exudative-productive lesions” who were treated by complete bed rest, 
there was a five-year accumulative progression rate of 55 per cent. In an earlier article 
(1942), Bobrowitz (6) states that “from 75-80 per cent of the minimal cases resolve or 
fibrose and become stable with bed rest and remain well.” This study covered a period 
of six years. 

Heller (7), reporting on 55 patients “with small unilateral active, noncavitary tubercu- 
lous lesions’ who were observed from one to five and one-half years, found that, of 34 
who were treated by bed rest, the disease in 17 patients (50 per cent) relapsed. In the 
latter group, no deaths occurred during the period of observation. 

Paine (8), in a study of 103 patients with minimal tuberculosis confined to the apex of 
the lung, found that the progression rate (by serial roentgenograms) was 57 per cent for 
those treated with bed rest alone and 19 per cent for those treated with collapse therapy. 
The end results of all cases five to twenty-two years after admission to the Sanatorium 
showed disease arrested or apparently cured in 94 patients and 2 dead from tuberculosis. 

Mitchell (9) found a 27.6 per cent relapse rate in 589 patients with active minimal 
pulmonary tuberculosis treated by modified bed rest during a projected twenty-year 
follow-up period. There was a 5 per cent tuberculosis mortality rate. 

Reisner and Downes (10), in 1945, published a statistical analysis of 469 white and non- 
white individuals with minimal pulmonary tuberculosis whose disease was discovered in 
most instances by routine roentgenographic examinations made in the outpatient clinics 
in New York City. Seventy-six per cent of the entire group denied symptoms of tubercu- 
losis. The lesions of 220 patients were classified by the writers as “exudative-productive”’ 
and “about one half” progressed during the five-year period of observation. Sixty per cent 
of this group had institutional care but the exact form of treatment was not stated. The 
mortality rate at the end of five years was approximately 2 per cent. 


The references cited above indicate that there is considerable disparity in the 
relapse rates (22 to 57 per cent) of patients with minimal pulmonary tuberculosis 
treated by bed rest. This is due, in part, to differences in the definition of the term 
“relapse” or “progression.”’ Some observers base their opinion entirely on an 
extension of the shadows seen in the roentgenogram; others depend upon the 
clinical findings; and some, on a combination of both. Regardless of the numbers 
of percentages of relapses, the mortality rate is approximately the same in all 
series, namely, 2 per cent up to the tenth year after the initial discovery of the 
disease. 


MATERIAL 


The clinical records, roentgenograms, and the information given in the yearly 
questionnaires of 467 patients admitted to the Trudeau Sanatorium with the 
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classification of minimal tuberculosis during the years 1921 to 1929, inclusive, 
were reviewed for the present study. 

Patients with pleurisy with effusion or extrapulmonary complications were 
excluded from the study, as well as those whose roentgenograms disclosed old 
and healed lesions as determined by dense, sharply circumscribed, or stringlike 
shadows. 

The object was to obtain as “early” cases as possible. It was not possible to 
estimate the duration of the disease by serial roentgenographic examinations, for 
in those days, unlike the present, it was the exception for evidence of the disease 
to be first revealed by this means. All patients sought medical advice because of 
symptoms, fatigue, loss of weight, cough, expectoration, hemoptysis, or pains 
in the chest. One hundred and fifty-two patients were found whose initial symp- 
toms appeared within one year of their admission to the Sanatorium and who 
had adequate follow-up reports following discharge. 

The roentgenographic examinations showed unmistakable evidence of disease 
in all cases. The disease was located, with few exceptions, in the upper part of the 
lung, and the sum total of the area of the shadow cast by lesions varied from 1 to 
4 cm. in diameter. The shadows were predominantly soft and mottled in appear- 
ance. In the majority of instances, these shadows diminished in extent during the 
patient’s residence in the Sanatorium. 

In this group of 152 white patients, there were 82 females and 70 males. The 
average age was twenty-seven years, the extremes being seventeen and forty-six 
years. Acid-fast bacilli were present at some time in the sputum by direct smear 


in 65 (43 per cent) of the patients. Cultures of the sputum were not routinely 
employed in those years. 


TREATMENT 


The patients were first admitted to the reception pavilion for an observation 
and examination period of two to three weeks. While there the patients, with a 
few exceptions, rested, fully dressed, in reclining chairs, out of doors, and walked 
to the dining room in an adjacent building for their meals. In winter they wore 
heavy overcoats and overshoes which they put on and took off at meal time— 
in itself, considerable exercise. This exercise at an average of three and one-half 
weeks after admission was materially increased when the patients were transferred 
to the ambulant cottages located on the sides of a rather steep hill and 50 to 220 
yards from the dining room. In general, they were allowed fifteen minutes’ 
exercise twice daily in addition to walking to their meals. The period was gradu- 
ally increased to two or more hours daily by the fourth or fifth month. 

During their entire residence, ranging from three to twelve months (with an 
average period of 6.4 months), the patients (unless they became ill or suffered a 
relapse) remained dressed during the day and rested in reclining chairs out of 
doors from 9 a.m. to 5 p.m. except for the exercise program outlined for them. 

A few patients were slower in attaining full exercise status or did not reach the 
hour twice a day. Four patients were admitted to the infirmary and 2 were sent 
to rest cottages because of extensions of disease. 
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The majority of patients in the Sanatorium during the years 1921-1929 had 
roentgenograms of the chest made upon admission, at the end of three months, 
and on discharge. 

Tubercle bacilli were first found in the sputum of 39 patients after their admis- 
sion to the Sanatorium. However, the finding of these microorganisms in no 
way altered the patients’ graduated exercise, in striking contrast to the present 
day when ambulant patients are often returned to bed upon the discovery of 
tubercle bacilli in the sputum or gastric contents. 


RESULTS 


In table 1 an arrangement is presented of the 152 cases in this series into 
“No Relapse” and “Relapse” groups and the results of treatment by combined 
rest and exercise up to thirty years after discharge. 


TABLE 1 


Resvuvts 1n 152 Cases or Active MiInimat TuBercuLosis TREATED BY ComBINED Rest 
AND Exercise at THe Trupeau Sanatorium 1921-1929, Inciustve 


YEAR OF LAST REPORT FOLLOWING DISCHARGE 


| Totals 
| 640 | | 16-20 | 21-25 26-30 | 
| Number Per Cent 
No Relapse Group | | | 
Well and working 2); 3 6 5 | 38 73.2 
Nontuberculous deaths......... | | | 5 1 7 | 4.6 
Relapse Group 
Well and working 1 | | 2 | 12 2 17 | 11.2 
Disabled by tuberculosis. . | 3 3| 1.9 
Dead of tuberculosis. . 2 Be 78 
Dead of other causes 1 1 ee 
Total. | 152 100.0 


Of the total number studied, 128 (84 per cent) were well and working when 
last heard from. One hundred and nine (72 per cent) were known to be well and 
working twenty to thirty years after leaving the Sanatorium. Three patients 
discharged in 1929 were alive in 1950 but were disabled by tuberculosis. 

Based on reports from families, physicians, or hospitals, there were 12 deaths 
from tuberculosis (7.8 per cent) during the thirty-year period; 3 occurred within 
eleven years after discharge (2 per cent). In addition, 9 patients (6 per cent) 
died of other causes fourteen to thirty years after discharge (4 from neoplastic 
disease, 2 from accidents, 2 from cardiovascular disease, and one from cirrhosis of 
the liver). The tuberculosis in these persons was clinically inactive at the time of 
death as judged by the yearly report. 

Thirty-four patients suffered primary relapses (22.4 per cent). Six of these 
relapses occurred during the patients’ residence in the Sanatorium and 28 in 
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subsequent years up to and including the twelfth year after discharge, as shown 
in table 2. A relapse was diagnosed by clinical signs and symptoms, confirmed by 
the roentgenogram. Treatment of the relapse patients consisted of bed rest, 
pneumothorax in 10 cases, thoracoplasty in 3 (one also had a lobectomy), and 5 
had phrenic nerve operations. 


TABLE 2 
One Hunprep ano Firry-Two Patients Treatep sy ComBinep Rest anp EXeRcIse, 
1921-1929 


Number of Patients and Year of First Relapse Following Admission to the Sanatorium 
Years Following Discharge 


IN SANA- 
1-5 6-10 11-15 16-30 
; Number Per Cent 
Number whose disease re 
lapsed 6 17 S 3 0 34 | 22.4 


DISCUSSION 


The 152 patients in the present series sought medical advice because they had 
such symptoms as hemoptysis, fatigue, cough, expectoration, and chest pains, 
which is in marked contrast to the present day when minimal tuberculosis is 
usually discovered by means of the roentgenogram and the majority of patients 
are asymptomatic. 

The Trudeau group here reported is representative of those patients whose 
lesions have advanced beyond the “early” stage to the stage when symptoms 
manifest themselves, although the extent of the lesions is within the National 
Tuberculosis Association classification of “‘minimal.” 

According to the present-day standards, these patients were ambulatory from 
the start of treatment; yet the end results, after a long term of years, compare 
favorably with the results reported of patients in the same category who were 
treated by weeks and months of bed rest. 

The results of the present study are in general accord with the observations of 
Bray (11), who prescribed combined rest and exercise as practiced at the Trudeau 
Sanatorium in former years. He found in a series of 67 patients in the “early” 
stage of the disease that the lesions in 16 (24 per cent) progressed, an incidence 
approximately the same as Childress found in the above-mentioned series of 45 
patients treated by strict bed rest. Bray’s patients were followed for periods 
ranging from one to fourteen years.’ At no time previous to their admission, 
during their stay, or subsequent to their discharge did they receive treatment 
by bed rest, but they rested in reclining chairs except for prescribed periods of 
walking, making their beds, and sweeping their rooms. 

Bray also drew attention to the discharge classification of 360 patients who 
were admitted during the years 1939 to 1942, inclusive, when the age of the dis- 


* Unpublished data. 


a 
th 
= 
4 
4 


REST AND EXERCISE IN MINIMAL 


TUBERCULOSIS 55 
ease was undetermined, of whom 97 received an average of four months’ strict 
bed rest before admission to the hospital and 263 had not received strict bed 
rest before admission. While in the hospital (an average of seven months) they 
were ambulant patients on supervised exercise. The classification at discharge 
showed practically the same percentage in both groups: 


| 97 PATIENTS 263 PATIENTS 

WHO HAD | WHO HAD NOT 
RECEIVED RECEIVED 

STRICT BED REST STRICT BED REST 


Arrested 
Apparently arrested 12.2 11.8 
Active or quiescent 16.5 8.4 


In general, it is safe to state that being confined to bed without bathroom 
privileges for a period of months is a frustrating experience for a patient in the 
minimal stage of the disease who looks and feels well and presents mild or no 
constitutional symptoms. Aside from the marked loss of muscular tone, the 
mental as well as the physiologic processes of the body are disturbed and the 
period of rehabilitation is protracted. These disadvantages have been recognized 
by many observers (12, 13, 14), yet the treatment prevails because any form of 
exercise for patients in this category is regarded as detrimental. 

The present study indicates that the end results of the treatment of minimal 
tuberculosis by combined rest and exercise are comparable with the results ob- 
tained by strict or modified bed rest as reported in the literature. 

Until more tangible evidence is forthcoming in support of the claims advanced 
for strict bed rest as a preventive and curative measure, the formerly estab- 
lished regimen of combined rest and exercise is to be preferred for those patients 
with minimal pulmonary tuberculosis who present only mild or no constitutional 
symptoms. 


SUMMARY 


The records of 152 patients with active minimal pulmonary tuberculosis who 
were admitted to the Trudeau Sanatorium during the years 1921 to 1929, in- 
clusive, and treated by combined rest and exercise were reviewed in 1951-1952. 
One hundred and twenty-eight (84 per cent) were well and working when last 
heard from. Of these, 109 (72 per cent) were known to be well and working 
twenty to thirty years after discharge from the Sanatorium. 

Thirty-four patients (22.4 per cent) suffered initial relapses. Seventeen re- 
covered and were working in 1950. Three were still disabled by tuberculosis. 
Twelve of the group of 152 patients died of tuberculosis (7.8 per cent). Nine 
patients (6 per cent) died of causes other than tuberculosis. 

Patients in the minimal stage of the disease who had mild or no constitutional 
symptoms remained dressed during the day, sat in reclining chairs, out of doors, 
and at stated times engaged in graduated exercises. The results of this form of 
treatment compare favorably with the results obtained by strict and modified 
bed rest as reported in the literature. 
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SUMARIO 
El Descanso y el Ejercicio Combinados en el Tratamiento de la Tuberculosis Minima 


Este repaso, realizado en 1951-1952, comprendié los protocolos de 152 enfermos que 
tenfan tuberculosis pulmonar mfnima activa y que fueron admitidos en el Sanatorio Tru- 
deau durante los afios 1921 a 1929, inclusive, y tratados a base de reposo y ejercicio com- 
binados. Ciento veintiocho (84 por ciento) se hallaban bien y trabajando cuando se supo 
la Gltima vez de ellos. De éstos, 109 (72 por ciento) se sabe que que estaban bien y traba- 
jando de veinte a treinta afios después de darlos de alta del Sanatorio. 

Treinta y cuatro enfermos (22.4 por ciento) experimentaron recidivas iniciales. Dieci- 
siete se repusieron y estaban trabajando en 1950. Tres estaban todavia incapacitados por 
la tuberculosis. Doce (7.8 por ciento) del grupo de enfermos de 1952 murieron de tubercu- 
losis. Nueve (6 por ciento) fallecieron de causas distintas de la tuberculosis. 

Los enfermos que se hallaban en la fase minima de la enfermedad, que no tenfan s{nto- 
mas orgAnicos 0, si los tenfan, eran leves, se vestfan durante el dia, se recostaban en sillones 
al aire libre y, a ciertas horas, se dedicaban a ejercicios graduados. Los resultados de esa 
forma de tratamiento se comparan favorablemente con los obtenidos por medio del reposo 
en cama rigido y modificado, segdn constan en la literatura. 


RFSUME 


Repos et exercice combinés dans le traitement de la tuberculose a minima 


Les dossiers de 152 patients atteints de tuberculose pulmonaire a minima, hospitalisés 
au Sanatorium Trudeau au cours des années 1921 A 1929, inclusivement, et soumis au traite- 
ment exercice-repos, ont été examinés en 1951-1952. Aux derniéres nouvelles, 128 malades 
(84%) étaient bien portants et travaillaient. Parmi ceux-ci, 109 malades (72%) étaient 
bien portants et travaillaient vingt A trente ans aprés avoir quitté le sanatorium. 

Trente-quatre malades (22,4%) ont présenté des rechutes initiales. Dix-sept ont guéri 
et travaillaient en 1950. L’invalidité par tuberculose persistait chez trois malades. Douze 
malades de la série 1952 sont morts de tuberculose (7, 8%). Neuf malades (6%) ont suc- 
combé A d’autres affections 

Les patients au stade minimum de la maladie, dont les lésions organiques étaient légéres 
ou inexistantes, s’habillaient durant la journée, s’allongeaient sur des chaises longues et 
s’adonnaient A des exercices progressifs A des heures déterminées. Les résultats de cette 
forme de traitement soutiennent favorablement la comparaison avec ceux obtenus par le 
repos au lit strict ou modifié, tel qu’il est décrit dans la littérature médicale. 
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DAILY OXYTETRACYCLINE (TERRAMYCIN) AND INTERMITTENT 
STREPTOMYCIN IN THE TREATMENT 
OF PULMONARY TUBERCULOSIS' 


An Investigation of the Administration of Two Grams of Oxytetracycline Daily 


FRANK L. MILLER, JAMES H. SANDS, LLOYD J. GREGORY, JOHN 
A. HIGHTOWER, ORMAN L. WEISER, ann CARL W. TEMPEL 


(Received for publication May 28, 1953) 


INTRODUCTION 


In a previous study of 66 patients with pulmonary tuberculosis, the administra- 
tion of 5 gm. of oxytetracycline (Terramycin*) orally per day together with 
2 gm. of streptomycin intramuscularly every third day for 120 days afforded 
clinical, roentgenographic, and bacteriologic responses as beneficial as the 
proved regimen of streptomycin and para-aminosalicylic acid (PAS) (1). 

Mild, but troublesome, gastrointestinal tract symptoms were experienced 
by many patients on 5 gm. of oxytetracycline per day. Consequently, a second 
study was started in April, 1952, with the hope that 2 gm. of oxytetracycline in 
combination with streptomycin would still delay the emergence of streptomycin- 
resistant tubercle bacilli and minimize untoward gastrointestinal tract symptoms. 


METHOD OF STUDY 


Twenty patients with active pulmonary tuberculosis were selected for this 
study in conformity with the following criteria: no previous antituberculous 
drug therapy; disease of greater than minimal extent; and bacteriologically 


demonstrated infection. 
An attempt was made to select patients whose disease type suggested that 
they might still yield positive cultures after 120 days of combined therapy. 
The drug regimen consisted of 2 gm. of oxytetracycline (Terramycin) orally 
daily and 2 gm. of streptomycin intramuscularly every third day. The analysis 
was made after 120 days of therapy; however, it is emphasized that drugs were 
continued in all cases for longer periods of time. 


The patients selected consisted entirely of males from twenty to seventy-eight years old, 
the average being thirty-five years. Thirteen were white, and 7 were nonwhite. Four- 
teen (70 per cent) had moderately advanced, and 6 (30 per cent) had far advanced, dis- 
ease. All but one of the 20 patients had clearly demonstrated cavities by postero-anterior 
or apical roentgenograms at the start of therapy. The disease was predominately exuda- 
tive and caseous in 15 patients, while 5 patients exhibited a combination of caseous, exu- 
dative, and fibrotic disease 

Roentgenographiec trend and treatment response were evaluated by a panel of five 


'From the Tuberculosis Section and the Research and Development Branch, Fitz- 
simons Army Hospital, Denver 8, Colorado. 

? The Terramycin hydrochloride used in this study was kindly supplied through the 
courtesy of Chas. Pfizer & Co., Inc., Brooklyn, New York. 
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physicians on a 5-point scale as follows: marked improvement, moderate improvement, 
slight improvement, no change, and worsening. 

The presence of cavities and their changes during therapy were not considered factors 
in judging the degree of response. 

Clinical, roentgenographic, and bacteriologic evaluations were made, comparing the 
findings at the start of therapy with those after 120 days. Untoward symptoms related to 
the drugs themselves were recorded. 

Specimens of sputum or gastric washings were examined at two-week intervals using 
conventional smear and culture techniques. Drug-susceptibility studies were performed 
on all positive cultures, using American Trudeau Society medium containing 0, 1, 10, and 
100 7 of streptomycin per ml. and oleic-acid-albumin-agar medium containing 0, 6.25, 
12.5, 25, 50, 100, and 200 y of oxytetracycline per ml. After seven to fourteen days of in- 
cubation, growth on the drug-containing medium was evaluated by comparison with the 
control. In accord with previous studies from this hospital, cultures which showed growth 
in the presence of 10 y of streptomycin or 25 y of oxytetracycline per ml. equal to that on 
the control were arbitrarily called “resistant.” 

Sputum and feces were collected from these patients at two-week intervals prior to 
and during therapy. Specimens were diluted in sterile saline and cultured directly on 
blood and eosin-methylene blue agar containing 0 and 100 7 of oxytetracycline per ml. 
The saline dilutions were then digested in a streptomycin and penicillin mixture and cul- 
tured on Sabouraud’s dextrose agar containing 0 and 100 » of oxytetracycline per ml. The 
blood and eosin-methylene blue plates were incubated at 37°C. for twenty-four hours and 
the Sabouraud’s for five to seven days at room temperature. Predominating organisms 
were identified by the usual bacteriologic procedures and their numbers estimated. 

During the study period all patients received no other form of antituberculous treat- 
ment except bed rest. 


EVALUATION 


Clinical: After 120 days of streptomycin and oxytetracycline (Terramycin), 
8 of 20 patients had improvement of cough, while 8 of 13 had a significant reduc- 
tion of sputum volume. Worsening did not occur in either of these categories. 

Twelve of the 20 patients had weight gain (in excess of 5 pounds), 8 showed 
no change (plus or minus 5 pounds), and there was no instance of weight loss 
(in excess of 5 pounds). 

Roentgenographic: At the start of therapy one patient had regressive, one 
had progressive, and 18 had stationary, disease as determined by pretreatment 
roentgenograms. Of the 20 patients, all manifested some degree of roentgeno- 
graphic improvement. One had marked improvement, 7 had moderate improve- 
ment, and 12 had slight improvement. Cavities were present in 19 of the 20 
patients at the start of therapy; 2 of these patients no longer exhibited cavities 
after 120 days. 

Bacteriologic: Thirteen of the 20 patients had sputum ‘‘conversion” (negative 
for M. tuberculosis for three months or longer) on completion of 120 days of 
therapy. Seven patients continued to discharge tubercle bacilli. One strain was 
resistant to streptomycin; the other 6 were drug susceptible. Oxytetracycline 
resistance was not encountered. 

All patients had essentially normal fecal and respiratory flora prior to 
chemotherapy. Within a few days after the initiation of drug treatment, the 
major changes in microbial populations had occurred and little variation was 
observed as long as oxytetracycline was continued. 
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Clinical toricity: Approximately one-half of the 20 patients experienced one 
or more undesirable side effects believed to be attributable to oxytetracycline 
during 120 days of drug administration. The description and incidence of these 
reactions are listed in table 1. In general, the reactions were transient and mild 
and, in the 2 patients in whom nausea and vomiting tended to persist, tincture 
of belladonna administered to tolerance brought complete relief. Diarrhea tended 
to be persistent in one patient, but was controlled by paregoric. Of considerable 


TABLE 1 


Toxicity Durtine 120 Days or Oxyterracycuine (Terramycin) THerapy, 
2 Gu. Damyr 
Patients 


a . TYPE OF REACTION i NUMBER OF PATIENTS | PER CENT 
4 Anorexia | 4 20 
Nausea 2 | 10 
Vomiting ; 1 5 
Diarrhea x 40 
Bulky or mushy stool 4 20 
Sore tongue | 3 | 15 
Rash 0 0 
Pruritis ani 10 
Cheilosis 3 15 
TABLE 2 


ApnormaL Sputum Fiorat Cuances tn 16 Patients Treatep 120 Days wits 
2 Gu. or OXY TETRACYCLINE (TERRAMYCIN) Dairy 


PREDOMINANT FLORAL CHANGES NUMBER OF PATIENTS 


Coliform bacilli (resistant to 
Coliform bacilli (susceptible to oxytetracycline)....... 
Hemolytic Staphylococcus aureus (resistant to oxytetracycline). 
Beta Streptococcus hemolyticus (resistant to oxytetracycline) . . 
Beta Streptococcus hemolyticus (susceptible to oxytetracycline) . 
Enterococci (susceptible to oxytetracycline)........... ; 
Enterococci (resistant to oxytetracycline)................... : 


Pseudomonas coruginees (susceptible to ) 


interest was the occurrence of mild, transient sore tongue in 3 patients, and of 
cheilosis in 3 patients. Transient, mild anal pruritis was noted in one-half of the 
patients. 

The finding of the following organisms predominating in the sputum were 
considered abnormal: Coliform group bacilli, hemolytic Staphylococcus aureus, 
(resistant to oxytetracycline), Streptococcus hemolyticus, Pseudomonas aeruginosa, 
and increased numbers of yeast-like fungi. Sixteen of 19 patients studied for 
floral changes yielded one or more abnormalities (table 2). However, clinically or 
roentgenographically there were no correlative changes with these abnormalities. 
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The finding of increased numbers of yeast-like fungi and Proteus bacilli in 
the stool was considered abnormal. Ten of 19 patients had one or more abnormal 
floral changes. Seven of these 10 had one or more of the following correlative 
symptoms: diarrhea, bulky or mushy stools, sore tongue, pruritis ani, or cheilosis. 
Table 3 correlates change in fecal flora with untoward symptomatology. Seven 
of 19 patients had one or more of the above-mentioned symptoms without 
fecal floral changes by the methods employed, although all stools were char- 
acterized by increased numbers of enterococci. 


TABLE 3 

ABNORMAL FecaL FLoRAL CHANGES AND CoRRELATIVE SymMPTOMATOLOGY IN 10 

Patients TreaTep 120 Days witn 2 Gm. or 
OXYTETRACYCLINE (TERRAMYCIN) DaILy 


PATIENT | SYMPTOMATOLOGY PREDOMINANT FLORAL CHANGES*® 


1 Diarrhea, sore tongue, pruritis ani, and | Proteus (resistant to oxytetracycline); 
| cheilosis yeast-like fungi 

2 | Diarrhea, sore tongue, and pruritis ani | Yeast-like fungi 

3 | Bulky, mushy stools, and pruritis ani | Yeast-like fungi 

4 | Diarrhea and pruritis ani | Yeast-like fungi 

5 Pruritis ani and cheilosis Yeast-like fungi 

6 | Pruritis ani Proteus (resistant to oxytetracycline) 
7 Sore tongue | Yeast-like fungi 

8 | None | Yeast-like fungi 

9 | None | Proteus (resistant to oxytetracycline) 
10 | None Yeast-like fungi 


* All stools were characterized by increased numbers of enterococci, resistant in all 
cases to oxytetracycline. 


COMMENT 


With prolonged drug therapy becoming increasingly important in the treat- 
ment of tuberculosis, possession of a variety of effective antituberculous drugs 
is advantageous. This is especially important as clinical or bacteriologic re- 
sistance to current drug regimens becomes evident. In view of this fact and the 
feasibility of “triple drug” therapy, as well as the excellent patient acceptance 
of oxytetracycline (Terramycin) in moderate dosage over para-aminosalicylic 
acid, oxytetracycline may become increasingly more important in the drug 
therapy of tuberculosis. Thus, further investigation of oxytetracycline seemed 
justifiable. Because of the gastrointestinal irritability at the 5 gm. dosage level, 
an attempt was made in the present series to study the effect of oxytetracycline 
by employing 2 gm. daily. It was also believed to be advisable to compare this 
regimen with 1 or 2 gm. of streptomycin every third day alone (table 4). 
Drug-resistant studies were performed by the same laboratory and by the 
same methods for comparative purposes. 

The clinical improvement obtained in the present study was comparable to 
that of other drug regimens employed at Fitzsimons Army Hospital. One factor 
of importance, however, was the failure of any patient to lose weight on the 2 
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gm. oxytetracycline dosage level, in contrast to 19.7 per cent of patients who lost 
5 or more pounds in a 120-day period while receiving 5 gm. of oxytetracycline 
daily (1). It is believed that this is due to the decrease in gastrointestinal symp- 
toms associated with reduced oxytetracycline dosage. 

The roentgenographic response in this small group of patients was observed 
to be essentially similar to that of the group of patients who received the 5 gm. 
oxytetracycline-streptomycin regimen and superior to the response of those 


who received streptomycin alone every third day. 


TABLE 4 
Comparative 120-Day Evacuation or INTERMITTENT STREPTOMYCIN AND INTER- 
MITTENT STREPTOMYCIN AND OXYTETRACYCLINE (TERRAMYCIN) DaILy 


2 om. oF 5 om. or 
OXYTETRA- OXYTETRA- 
> 

1 TO 2 GM. OF | cvcuINE DAILY | CYCLINE DAILY 
STREPTOMYCIN - | ? 

EVERY THIRD AND 2GM. OF | AND 2 GM. OF 

Bat STREPTOMYCIN | STREPTOMYCIN 

| EVERY THIRD EVERY THIRD 
DAY 


66 


Number of patients 


36 


Symptomatic improvement 


Roentgenographie change 

Improved 

All degrees 

Slight 

Moderate and marked 
No change 
Worsened 
Cavity lost to view 


Bacteriology 
Negative for M. tuberculosis 
Positive for M. tuberculosis 
Resistant to 10 y of streptomycin per ml. 
Resistant to 10 y of PAS per ml 
Resistant to 25 y of oxytetracycline per ml.. 


Note:—Drug-resistance studies performed by same laboratory and by same methods for 


comparison 


Oxytetracycline in a 2 gm. daily dose failed to prevent completely the emer- 
gence of streptomycin-resistant tubercle bacilli. This phenomenon occurred in 
one of the 7 patients whose sputum remained positive after 120 days of therapy. 
This is slightly inferior to the 5 gm. oxytetracycline with intermittent strepto- 
mycin regimen but definitely superior to streptomycin alone every third day. 

Undesirable reactions to 2 gm. of oxytetracycline daily were milder, less per- 
sistent, and occurred in fewer patients than in those who received 5 gm. daily. 
This was particularly evident in the incidence of anorexia, vomiting, and 
nausea (2). The absence of weight loss by any patient further emphasizes 
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this point. Pruritis ani, although occurring in 50 per cent of the patients, 
was of such minor degree that none of the patients voluntarily complained of 
this symptom, and it was brought out only after careful questioning by the phy- 
sician. Cheilosis and sore tongue were each found to occur in 15 per cent of this 
series but were not noted in the 5 gm. dosage group. The significance of these 
side-effects is not clear. Sputum and fecal microfloral studies revealed marked 
changes in a high percentage of the patients studied. Sputum microfloral changes 
could not be correlated with any clinical or roentgenographic changes. There 
appeared to be a suggestive, but not definite, correlation between fecal micro- 
floral changes and symptomatology. 

Patient acceptance of the lower dosage regimen of oxytetracycline was superior 
to that observed with the 5 gm. dosage schedule. 


SUMMARY 


Twenty patients with active pulmonary tuberculosis were selected to receive 

treatment for 120 days with 2 gm. of oxytetracycline (Terramycin) orally daily 
and 2 gm. of streptomycin intramuscularly every third day. 

Clinical and roentgenographic improvement closely paralleled that observed 
with intermittent streptomycin and oxytetracycline, 5 gm. daily, but was superior 
to that observed with streptomycin alone every third day. 

Undesirable reactions to 2 gm. daily were milder, less persistent, and less 
frequent than with the 5 gm. oxytetracycline regimen. 

Fecal and sputum microfloral changes were studied. An attempt was made to 
correlate these findings with clinical toxicity. 

Oxytetracycline in this dosage schedule failed to afford complete protection 
against the emergence of streptomycin-resistant tubercle bacilli, although this 
regimen showed superiority to that employing streptomycin alone, | to 2 gm. 
every third day. 

In using oxytetracycline in combination with streptomycin in the therapy of 
pulmonary tuberculosis, 5 gm. of oxytetracycline daily would appear to be 
superior to that of 2 gm. daily. It is likely, however, that the optimal dosage of 
oxytetracycline lies somewhere between 2 and 5 gm. daily. 

Daily oxytetracycline in combination with intermittent streptomycin is an 
acceptable and useful drug regimen for the treatment of active pulmonary 
tuberculosis. 


SUMARIO 


L’Oritetraciclina (Terramicina) Diaria y la Estreptomicina Intermitente en el Tratamiento 
de la Tuberculosis Pulmonar: Investigacion de la Administracion de Dos 
Gramos Diarios orytetraciclina 


Veinte enfermos con tuberculosis pulmonar activa fueron escogidos para recibir trata- 
miento durante 120 dias con 2 gm. de Terramicina por via bucal diariamente y 2 gm. de 
estreptomicina intramuscularmente cada tres dias. 

La mejoria clinica y roentgenogrdfica paralelé muy de cerca la observada con la estrepto- 
micina y la oxitetraciclina administradas intermitentemente, 5 gm. diarios, yero fué superior 
a la observada con la estreptomicina sola administrada cada tres dias. 
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Las reacciones adversas a 2 gm. diarios fueron mds leves y menos persistentes y fre- 
cuentes que con el régimen de 5 gm. de oxitetraciclina. 

Se estudiaron las alteraciones en la microflora de las heces y del esputo, tratando de 
correlacionar esos hallazgos con la toxicidad clinica. 

Con el esquema posolégico mencionado, la oxitetraciclina no proporcioné proteccién abso- 
luta contra la aparicién de bacilos tuberculosos estreptomicinorresistentes, aunque dicho 
régimen se mostré superior al que emplea estreptomicina sola, 1 6 2 gm. cada tres dias. 

Al usar oxitetraciclina junto con estreptomicina en la terapéutica de la tuberculosis pulmo- 
nar, parece que 5 gm. diarios de oxitetraciclina son superiores a 2 gm. diarios. Sin embargo, 
es probable que la dosis éptima de oxitetraciclina quede entre unos 2 y 5 gm. diarios. 

La oxitetraciclina diariamente en combinacién con la estreptomicina intermitentemente 
representa un régimen farmacolégico aceptable y dtil en el tratamiento de la tuberculosis 
pulmonar activa. 


RESUME 


Oxrytétracycline (T'erramycine) quotidienne et Streptomycine intermittente dans le traitement 
de la tuberculose pulmonaire: Une investigation sur V'administration quotidienne 
de deux grammes d’Orytétracycline 


Vingt malades atteints de tuberculose pulmonaire en activité ont été choisis pour rece- 
voir un traitement de 120 jours & la dose de 2 grammes d’Terramycine orale par jour et 2 
grammes de streptomycine intra-musculaire tous les trois jours. 

L’amélioration, du point de vue clinique et radiologique, était étroitement paralléle a 
celle d’un traitement intermittent par la streptomycine et par l’oxytétracycline A la dose 
de 5 grammes par jour; toutefois, elle était supérieure A celle qui était observée avec la 
streptomycine seule, administrée tous les trois jours. 

Les réactions nocives A la dose quotidienne de 2 grammes étaient plus faibles, moins 
persistantes et moins fréquentes qu’avec la dose d’oxytétracycline de 5 grammes par jour. 

Les modifications de la flore microscopique des feces et des crachats ont été étudiées. 
Les auteurs ont tenté d’établir une corrélation entre ces résultats et la toxicité sur le plan 
clinique. 

Cette posologie de l’oxytétracyc!ine n’a pas permis de prévenir complétement l’apparition 
de bacilles tuberculeux streptomycino-résistants. Ce mode d’administration s’est montré 
supérieur A celui de la streptomycine seule a la dose de 1 A 2 grammes tous les trois jours. 

Il semble que, lorsque |’oxytétracycline est associée A la streptomycine dans le traitement 
de la tuberculose pulmonaire, la dose quotidienne de 5 grammes d’oxytétracycline soit supé- 
rieure A la dose quotidienne de 2 grammes. I] est probable toutefois que la dose optima 
d’oxytétracycline se situe entre 2 et 5 grammes par jour. 

L’administration quotidienne d’oxytétracycline, associée A un traitement intermittent par 
la streptomycine, est un mode de traitement satisfaisant et utile dans le traitement de la 
tuberculose pulmonaire en activité. 
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STREPTOMYCIN AND OXYTETRACYCLINE (TERRAMYCIN) 
IN THE TREATMENT OF PULMONARY TUBERCULOSIS'? 


EMIL ROTHSTEIN* MAURINE JOHNSON 
(Received for publication May 14, 1953) 


INTRODUCTION 


Oxytetracycline (Terramycin) has been shown to have a bacteriostatic effect 
upon M. tuberculosis (1-4), but the drug has very little therapeutic effect in the 
treatment of tuberculosis when used as the sole chemotherapeutic agent (5). 
When oxytetracycline and streptomycin were used together, the emergence of 
streptomycin-resistant tubercle bacilli was markedly delayed or prevented (5, 6). 

Miller and associates (6) have reported on 70 patients with pulmonary tuber- 
culosis who were treated at Fitzsimons Army Hospital for 120 days with 5 gm. 
of oxytetracycline daily and 2 gm. of streptomycin every third day. The present 
study deals with 81 patients who received the two drugs. 


PLAN OF INVESTIGATION 


Oxytetracycline and streptomycin were administered in the following com- 
binations: 


Seventeen patients received oxytetracycline (Terramycin‘), 5 gm. daily by 
mouth, and streptomycin, 1 gm. twice weekly intramuscularly; 34 patients re- 
ceived oxytetracycline 1 gm. daily, and streptomycin, 1 gm. twice weekly; and 30 
patients received oxytetracycline, 1 gm. daily, and streptomycin, 2 gm. one day a 
week. 

As the results were similar in the three individual groups, the results are reported for 
the groups as a whole. 

The primary purpose of the present study was to determine the effect of oxytetracycline 
upon the emergence of streptomycin-resistant tubercle bacilli. All of the patients had 
streptomycin-susceptible bacilli at the start of treatment. Primary sputum or gastric 
cultures were made on Herrold’s egg-yolk medium with 0.02 per cent malachite green; the 
bacilli were suspended in distilled water and added to control and streptomycin-contain- 
ing tubes. Susceptibility tests were performed on the same medium, containing 0, 10, and 
100 y of streptomycin per ml. Resistance to streptomycin has arbitrarily been defined as 
profuse growth (4 plus) on the 10 y tube, equal to that on the control tube (6). Oxytetra- 
cycline-susceptibility tests were also performed on cultures from the first 20 patients in 
the series. The strains were obtained by being subcultured from primary growth on the 
solid medium to Dubos liquid medium with added albumin. The serial dilutions of oxyte- 


! From the Veterans Administration Center, Dayton, Ohio, and the College of Medicine, 
University of Cincinnati, Cincinnati, Ohio. 

? A preliminary report on a portion of this material was presented before the joint Vet- 
erans Administration, Army, Navy Conference on the Chemotherapy of Tuberculosis in 
Atlanta, Georgia, February 10, 1953. 

* Present address: Veterans Administration Hospital, Brockton, Massachusetts. 

‘The Terramycin used in this study was contributed by Chas. Pfizer & Co., 
Inc., Brooklyn, New York. 
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tracycline were 100 y, 50, 25, 12.5, and 6.25 y. A culture tube containing no drug was also 
included. No definite level of growth can properly be called “‘resistant’’ in the case of 
oxytetracycline. Nevertheless, the concentrations of oxytetracycline in the blood rarely 
exceed 6 y per ml. (7). 


Selection of cases: The 17 patients who received 5 gm. of oxytetracycline daily 
were chosen specifically because of the fact that they had large cavities and 
sputum positive for M. tuberculosis which might be expected to remain positive 
for at least four months. 

The 64 patients who received | gm. of oxytetracycline daily were chosen as 
consecutive patients who were in need of chemotherapy for pulmonary tuber- 
culosis, with no other qualifying features except that no patient included in the 
report had had previous streptomycin therapy. 

While in some instances oxytetracycline was continued beyond four months, 
the sputum findings and roentgenographic changes are reported at the end of 
four months of treatment. Most of the patients were continued on streptomycin, 
but para-aminosalicylic acid (PAS) was substituted for oxytetracycline at the 
end of the fourth month. 

When a patient’s sputum is reported as “negative,” at least three twenty- 
four-hour sputum concentrates and three forty-eight-hour concentrates were 
negative for M. tuberculosis on microscopic and cultural examinations, as well as 
three gastric cultures. Patients who received streptomycin and oxytetracycline 
were treated in addition by bed rest and, when indicated, by pneumoperitoneum. 


No major surgery was performed, largely because excisional surgery is rarely 
performed in this division on patients who have received less than four months 
of chemotherapy. 


RESULTS 


One hundred and nine patients were started on oxytetracycline (Terramycin) 
and streptomycin treatment but four months of therapy were completed in 
only 81. The causes for discontinuation before the planned four months of 
treatment had been completed are as follows: 


Irregular discharge... 19 
Diarrhea 7 


Drug-susceptibility studies: At the start of treatment, 72 patients had sputum 
positive for M. tuberculosis. At the end of four months, 47 of these were still dis- 
charging tubercle bacilli. Any positive finding was reported as “positive,” even if 
only one culture or smear of fifteen examinations showed tubercle bacilli. The 
presence of M. tuberculosis in the sputum of 81 patients who were started on 
streptomycin-oxytetracycline and completed four months of therapy was as 
follows: 

Absent Present 
(on Concentrate and Culture) 
At start 72 9 
At 4 months 47 34 
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Of the 47 patients who were discharging tubercle bacilli at the end of four 
months, the bacilli could be isolated on culture in 45. Of these, one strain was 
resistant to streptomycin on the only culture available. Two other strains showed 
equivocal results in that one culture showed 4-plus growth in the 10 y strepto- 
mycin tube, but streptomycin susceptibility to this concentration was indicated 
in 2 to 5 other tests on positive cultures from the same patients obtained at 
approximately the same time. If all of these patients are considered to have had 
“resistant” strains, then 7 per cent of the patients who were discharging tubercle 
bacilli at the end of four months had streptomycin-resistant strains, and 4 per 
cent of those patients who had been discharging bacilli at the start of treat- 
ment had resistant strains at the end of four months. 

The results of 111 tests of oxytetracycline susceptibility showed slight growth 
at the start of treatment in 2 instances in tubes which contained 50 y of drug. 
At the end of one, two, three, and four months, individual cultures grew out in 
the 6, 12, and 25 y oxytetracycline tubes. There was no instance of very profuse 
growth equal to that in the control tube (4 plus) in any of these tubes, nor any 
consistent increase from month to month. Two tests showed slight growth in 
100 y of oxytetracycline, one at the end of three months and the other at the end 
of four months. 

Roentgenographic studies: At the start of treatment, 39 patients had far ad- 
vanced disease, 37 had moderately advanced disease, and 5 had minimal lesions. 
In 80 per cent of the group, some degree of roentgenographic improvement was 
noted during the four-month period of observation and, in approximately one- 
half of the group, the degree of improvement was moderate or marked. 

Drug toxicity: The only evidences of toxicity to oxytetracycline consisted of 
gastrointestinal intolerance, usually diarrhea. In most instances, the diarrhea 
subsided after a few weeks of treatment. This occurred in some degree in ap- 
proximately one-fifth of the patients and was more pronounced in the patients 
who received 5 gm. of oxytetracycline daily. Even with 1 gm. daily, a number 
of older men had appreciable diarrhea. No special studies were made of the 
bacterial flora of the stools. Seven of the original 109 patients had to stop taking 
oxytetracycline before the end of four months of treatment because of severe 
persistent diarrhea. All but one of these patients were able to tolerate PAS. 
No patient developed a sprue-like syndrome (8) or clinical evidence of superinfec- 
tion with oxytetracycline-resistant staphylococci (9). No patient developed a 
clinically detectable fungus infection. 

As mentioned previously, most of the patients were placed on streptomycin 
and PAS at the conclusion of four to eight months on the streptomycin- 
oxytetracycline regimen. Approximately one in ten found PAS so much more 
irritating to the gastrointestinal tract or so much more productive of anorexia 
than oxytetracycline that PAS could not be given. Patients who experienced 
this difficulty were treated with isoniazid or oxytetracycline. 

Although 5 gm. daily of oxytetracycline is not, in the present writers’ opinion, 
a practical dosage schedule from the standpoint of patient acceptance, | gm. daily 
in most instances was considered by the patients to be more acceptable than 
the usual daily dosage of PAS. In addition, marked anorexia and even weight 
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loss have been noted in 5 to 10 per cent of the patients on this service who 
receive PAS. When these patients were placed on oxytetracycline (although such 
patients are not included in this study), these symptoms usually disappeared. 


DISCUSSION 


The advent of isoniazid has materially altered the therapeutic approaches 
existing prior to its use. If the combination of streptomycin and isoniazid can be 
shown to be sufficiently effective as to therapeutic results and low toxicity, as 
well as free from the danger of drug resistance, such additional therapy as PAS 
or oxytetracycline (Terramycin) may no longer be needed. Nevertheless, at the 
present time streptomycin and PAS are still widely used, but PAS has certain 
features which may, in some cases, impair its usefulness. These are its unpleasant 
taste, associated gastrointestinal symptoms, and allergy characterized by rash, 
chills, and fever. For this reason a search for an acceptable substitute is in order. 

When streptomycin is used alone in daily dosage, the high degree of emergence 
of streptomycin-resistant tubercle bacilli has been well documented. Dye (10), 
in analyzing 118 patients who were treated with 1 gm. of streptomycin twice 
weekly, without PAS, found that the strains of 35 per cent became resistant; 
when PAS was given daily in addition, 2 per cent of the patients who had been 
discharging bacilli at the start of treatment, or 5 per cent of those who discharged 
bacilli at the end of four months, had drug-resistant strains. Of 484 Veterans 
Administration patients treated with 1 gm. of streptomycin twice weekly and 
daily PAS, 6 per cent of the patients with cultures positive for tubercle bacilli 
at the end of four months of treatment had streptomycin-resistant strains (11). 
As far as could be determined, there are no figures available on the question 
of streptomycin resistance in patients who received 2 gm. of streptomycin once 
weekly without PAS. In as yet unpublished material, the present writers have 
found the same incidence of drug-resistant strains developing in two groups 
of patients who received either 1 gm. of streptomycin twice weekly or 2 gm. of 
streptomycin once weekly, both with daily PAS. The number of patients with 
streptomycin-resistant strains in the present streptomycin-oxytetracycline 
group (4 per cent of those positive at the start of treatment and 7 per cent of 
those with positive cultures at the end of four months) would indicate that 
oxytetracycline and PAS are about equally effective in preventing or delaying 
the emergence of streptomycin-resistant strains of tubercle bacilli. 

The roentgenographic changes were about the same as in most reported 
chemotherapy series. Thus, in the Public Health Service studies (12) at the end 
of four months’ treatment with three randomized regimens (streptomycin-PAS, 
streptomycin-isoniazid, and isoniazid), the percentages of total roentgenographic 
improvement were respectively 65, 68, and 66. In the present study, approxi- 
mately 80 per cent showed some degree of improvement, while Miller and his 
associates (6) reported 96 per cent roentgenographic improvement with strepto- 
mycin and oxytetracycline (5 gm. daily). In the present study, moderate or 
marked roentgenographic improvement was observed in 40 per cent, while, in 
the Public Health Service study, improvement occurred in 32, 41, and 53 per 
cent of the patients who received one or another of the three randomized regimens. 
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In the Fitzsimons study, approximately one-half of the patients attained moderate 
or marked roentgenographic improvement. 

Sputum “conversion” figures were lower in the present series (35 per cent) 
than in the Public Health Service study (58 per cent of those who had been 
“positive” at the start of treatment) or in the Fitzsimons study (77 per cent). 
The reason for the discrepancy with the Fitzsimons figures is not clear, although 
it will be recalled that the first seventeen (20 per cent) of our cases were de- 
liberately chosen because of large cavities and the anticipation of positive 
cultures even at the conclusion of treatment. If these are excluded, the per- 
centage of sputum conversions then becomes 50 per cent, or the same as the 
Public Health study results (12) with large groups on streptomycin-PAS or 
isoniazid. 
SUMMARY 

Oxytetracycline (Terramycin) and streptomycin were administered for a 
four-month period to 81 patients with pulmonary tuberculosis. Seventeen 
patients received 1 gm. of streptomycin twice weekly and 5 gm. of oxytetracycline 
daily, 34 were given | gm. of streptomycin twice weekly and 1 gm. of oxytetra- 
cycline daily, and 30 received 2 gm. of streptomycin once weekly and 1 gm. of 
oxytetracycline daily. 

In the dosage of 1 gm. daily, oxytetracycline toxicity was insignificant and 
patient acceptance was superior to that for para-aminosalicyclic acid (PAS). 
Roentgenographic changes and sputum “conversion” values did not differ 
appreciably from those reported for streptomycin and PAS. Three patients 
showed streptomycin-resistant strains of tubercle bacilli at the end of the 
treatment period, and 42 had streptomycin-susceptible strains. These values 
(4 per cent of those “‘positive”’ at the start of treatment and 7 per cent of those 
“positive” at the end of treatment) are comparable to those obtained with 
similar regimens using PAS instead of oxytetracycline. 

In patients requiring streptomycin therapy but showing evidence of PAS 
intolerance, toxicity, or allergy, oxytetracycline in a dosage of | gm. daily can 
be used as a substitute for PAS with no higher incidence of the emergence of 
streptomycin-resistant strains of tubercle bacilli. 


SUMARIO 


La Estreptomicina y l’Oritetraciclina (Terramicina) en el Tratamiento de la 
Tuberculosis Pulmonar 

A 81 tuberculosos pulmonares se les administraron oxitetraciclina (Terramicina) y 
estreptomicina durante un perfodo de cuatro meses. Diecisiete recibieron 1 gm. de estrepto- 
micina dos veces semanales y 5 mg. de oxitetraciclina diariamente, 34 recibieron 1 gm. de 
estreptomicina dos veces semanales y 1 gm. de oxitetraciclina diariamente y 30 recibieron 
2 gm. de estreptomicina una vez a la semana y | gm. de oxitetraciclina diariamente. 

Con la dosis de 1 gm. diario, la toxicidad de la oxitetraciclina fué insignificante y la 
tolerancia de los enfermos superior a la mostrada para el Acido para-aminosalicflico (PAS). 
Las alteraciones radiogrdéficas y las cifras de viraje del esputo no discreparon mayor cosa 
de las comunicadas para la estreptomicina y el PAS. Tres enfermos revelaron al terminar el 
periodo de tratamiento cepas estreptomicinorresistentes del bacilo tuberculoso y 42 tenian 
cepas estreptomicinosensibles. Esas cifras (4 por ciento de los “‘positivos’’ al comenzar el 
tratamiento y 7 por ciento de los “positivos” al terminar el tratamiento) son comparables 
a las obtenidas con regimenes semejantes en que se usa e] PAS en vez de oxitetraciclina. 
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En los enfermos que requieren estreptomicinoterapia pero que muestran signos de in- 
tolerancia, toxicidad o alergia hacia el PAS, cabe usar la oxitetraciclina a dosis diarias de 1 
gm. como substituto del PAS sin mayor incidencia de la formacién de cepas estreptomici- 
norresistentes del bacilo tuberculoso. 


RESUME 


Streptomycine et Oxytétracycline (Terramycine) dans la traitement de la 
tuberculose pulmonaire 

L’oxytétracycline (Terramycine) et la streptomycine furent administrées chez 81 malades 
atteints de tuberculose pulmonaire pendant une période de quatre mois. Dix-sept malades 
recurent 1 g. de streptomycine deux fois par semaine et 5 g. d’oxytétracycline par jour, 34 
recurent 1 g. de streptomycine deux fois par semaine et 1 g. d’oxytétracycline par jour, 30 
recurent 2 g. de streptomycine une fois par semaine et 1 g. d’oxytétracycline par jour. 

A la dose de 1 g. par jour, la toxicité de l’oxytétracycline était négligeable; la tolérance 
était supérieure A celle observée pour |l’acide para-aminosalicylique (PAS). La proportion 
des modifications radioiogiques et de la conversion des crachats ne différait pas de facon 
appréciable de celle rapportée pour la streptomycine et le PAS. A la fin de la période de 
traitement, des souches de bacilles tuberculeux streptomycino-résistantes étaient présentes 
chez 3 malades et des souches streptomycino-sens:bles chez 42. Ces valeurs (crachats ‘‘posi- 
tifs’’ 4% au début du traitement et crachats “‘positifs’’ 7% a la fin du traitement) sont 
comparables A celles obtenues avec le méme prograaume de cure, le PAS remplagant l’oxy- 
tétracycline. 

Chez les malades justiciables de la streptomycinothérapie, mais présentant une intolé- 
rance au PAS, toxicité ou allergie, |’oxytétracycline a la dose de 1 g. par jour peut remplacer 
le PAS sans que la fréquence d’apparition de souches de BK streptomycinorésistantes s’éléve. 
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INTRODUCTION 


The alveolar-arterial oxygen tension gradient may be increased as a result 
of one or a combination of three major petho-physiological mechanisms: (a) 
normal perfusion of poorly ventilated alveoli, i.e., increased venous admixture; 
(b) decrease in total diffusing surface area of the alveolar-capillary membrane; 
and (c) impairment of diffusion of oxygen across the alveolar-capillary mem- 
brane. All of the three mechanisms have been considered in this study. Never- 
theless, the primary attention has been directed to the impairment of diffusion of 
oxygen across the alveolar-capillary membrane and its resultant effect upon the 
alveolar-arterial oxygen tension gradient. 

Pathologic and physiologic alterations of the alveolar-capillary membrane 
have been established in several relatively uncommon disorders of the lungs. 
These include acute interstitial fibrosis (1), chronic beryllium granulomatosis 
(2, 3), sarcoidosis (3, 4), acute miliary tuberculosis (5), scleroderma (3, 6), and 
lymphangitic carcinomatous metastasis (6) of the lungs. The anatomic alteration 
observed in these cases has been the presence of fibrous, granulomatous, or 
neoplastic invasion of the alveolar-capillary membrane. The physiologic counter- 
part has been an impairment of diffusion of oxygen across the membrane. 

Since impairment of oxygen diffusion has been described in these less common 
pulmonary disorders, it does not seem improbable that similar disfunction might 
occur occasionally during the course of some of the more common lung diseases, 
particularly those in which fibrosis is a predominant feature. 

However, a recent report failed to reveal evidence of impaired diffusion in 
patients with chronic pulmonary emphysema and fibrosis (7). Nevertheless, 
further observations regarding this problem seemed advisable. 


METHODS AND MATERIAL 


Thirty-two patients with chronic pulmonary diseases were studied. There were 
9 patients with pulmonary emphysema, 5 each with silicosis and bronchiectasis, 
7 with nonmiliary pulmonary tuberculosis, one with acute miliary tuberculosis, 
and 5 with diffuse pulmonary fibrosis of undetermined etiology. 


' From the Cardiovascular Pulmonary Laboratory, University of Colorado School of 
Medicine, Denver, Colorado. 

? Presented before the Medical Session, as part of the session of T'uberculesis and Re- 
lated Subjects, at the annual meeting of the National Tuberculosis Association, Los An- 
geles, California, May 20, 1953. 

* This investigation was supported by a research grant (H-1208) from the National 
Institutes of Health, Public Health Service. 
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TABLE 1 


MEASUREMENTS OF VENTILATION, BLoop Gases, ALVEOLAR-ARTERIAL OxyGEeN TENSION 
Grapient AND Irs Components tn 32 Patients Curonic Lune Diseases 


| | RESTING 
| 
“Arterial | Effec- | 
| Carbon |Arterial| tive | 
Dioxide Oxygen Alve- 
Content) Satura- | 


OF VITAL 
SEc 


BREATHING 
CAPACITY (PER CENT 
OF PREDICTED) 


VITAL 
PATIENT AGE CAPACITY 
(cc.) 


(TIMED VITAL 
CAPACITY) 
| RESIDUAL AIR (PER 


CENT 


PER CENT OF CARDIAC 


OUTPUT 


CAPACITY In 3 


ONDS 
(cc.) 


TOTAL LUNG VOLUME 
| DIFFUSION COEFFICIENT 


MAXIMUM 


Average Normal Values 
| 100 | 5,500 |<35, 42 | 


__ Emphysema 


Silicosis 


| 
| 
| | 
| | 
| 
| 


Bronchiectasis 


| 


Tuberculosis (Chronic, Nonmiliary) 


100 | 120 4,500 | 41| 44.5 | 96.3 
85 | 108 | 8,118 | 38) 41.3 | 93.9 
89 | 98 | 5,160 | 47| 38.6 | 93.8 
87 | 78 | 4,839) 34] 42.7 | 92.3 
92 | 42 | 34.1 | 90.2 
00 | 97 | 4,057 | 21| 42.5 | 89.3 
88 | 32 | | 45.9 | 81.2 


Acute Miliary Tuberculosis 
88 | 145 | 5,382 | 30| 21.7 | 96.8 
Idiopathic Fibrosis 
26| 42.1 | 92.2 
59} 44.5 | 87.1 | 
45) 44.6 | 82.3 


63| 43.5 | 80.8 | 
63} 58.4 | 44.0 | 


t Satisfactory lung volume studies not obtained 
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— 
FM.. 44] 3,200 | 45 | 77 | 9,852 | 56) 42.9 | 94.5 | 17.3} 14 | 29 
AH 48} 2,000 59 | 40 8,063 | 52.7 | 86.8 21.44 29 | 13 
a AG*.. 52 54.8 | 85.0 27.6) 3 | 9 
GB 3,600, 83 | 83 | 6,660 | 43) 49.1 | 81.3 12.1) 30 4 
TL 62 1,600 | 59 | 20 | 6,002 | 67/ 53.6 80.2 16.0, 18) 
AC 3,500; 46 | 49 | 8,515 | 55) 43.8 | 79.4 26.3} 36 
LC* 57| 1,075 | 70 | | | 58.0 | 77.3 3.4) 8 
JL 41| 3,800 | 82 | 57 | 7,725) 41) 44.1 | 74.8 13.4, 18 | 18 
Bal AR* 50 | | 52.3 | 64.6 | 14.8] 22) 12 
WM 3,200! 91 | 91 38.9 | 93.4 | 93.8| 26.5) 22 | 9 
GK. 50| 3,375 66 | 61 64] 45.9/ 90.5 | 70.6 | 14.4) 20) 23 
vs 46) 3,300 | 85 | 63 46) 44.6 | 87.9 | 79.2| 23.2) 25 | 1 
AT 2,350, 72 44 52) 51.9 | 81.2 | 59.9| 20.9) 13 | 29 
GH 54) 1,100 | 64 | 23 61] 48.4 | 78.5 | 85.4) 40.9) 27 | 4 
cB 22} 2,650| 96] 95 | 7,108 | 51| 42.4 | 98.6 | 79.5 | 5.9 | 14 
AC 59) 1,700; 91 93 | 5,011 | 60) 40.5 95.5 | 83.0/ 23.1) 21) 9 
ov 51| 3,000 | 93 70 | 7,056 | 49! 41.4| 92.2) 77.4| 7.6) 6 | 47 
| EO... 38} 2,700; O68 64 | 5,685 | 46| 43.2 | 92.2| 81.3) 19.5) 18) 
| 40} 1,920} 88 | 77 | 4,379) 49) 45.6 | 69.1) 15.9) 24 | 18 
MM 20) 2,400 | 8 | 11 
AA 42} 4, 100 | 77.4| 17.4) 19 | 24 
TE 54) 2,350 91.3 | 16.6) 11 | 22 
JM... 18) 3,000 20.44 19 
PCt 62| 2,400 84.8 13.5) 11 | 9 
MG.. 30) 2,600 | 71.8 | 12.0) 15 | 43 
PHt. . . 54) 1,600 | | 72.7) 29.7) 39 | 8 
HS...- 43) 3,200 | 106.4 | 20.4) 9| 8 
28) 3,850 72.2; 10.0) 9| 14 
BE.... ..| 61) 2,300 | 73.7 | 23.0) 16 | 12 
JW... 70} 2,180 | 70.6 | 23.6) 42) 14 
AQ... | 63) 1,550) 74 | 63 | 4,378 61.6 | 21.9) 50) 14 
60} 1,080 70 | 3,659 | 50.8| 30.0 51 | 8 
iil * Severity of ventilatory insufficiency prevented completion of studies. 
ees 
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The vital capacity and the per cent vital capacity performed in three seconds (timed 
vital capacity) were determined with the Gaensler-Collins vitalometer (8). Total lung vol- 
ume and its subdivisions were determined by the method of Darling and associates (9). 
Oxygen content, oxygen capacity, and carbon dioxide content were determined by the 
Van Slyke-Neill manometric method (10). The partial pressures of oxygen and carbon 
dioxide in the arterial blood were determined by the direct technique of Riley, Proemmel, 
and Franke (11). The effective alveolar partial pressure of oxygen was calculated using 
the alveolar equation in the formula presented by Pappenheimer and associates (12). 
Thus, the alveolar-arterial oxygen tension gradient could then be determined. The two 
components of the A-a gradient, diffusion coefficient of oxygen and venous admixture per- 
centage, were then determined using two levels of oxygenation in the manner outlined 
by Riley and associates (13). 


TABLE 2 
AVERAGE VALUES ror Eacn Disease or Data PRESENTED IN TABLE 1 


| | RESTING 


DIFFUSION COEFFICIENT 


BREATHING 


CAPACITY (PER CENT OF 


PREDICTED NORMAL) 


“Arterial | ec- 

| Carbon Arterial | tive Alve- 

Dioxide | Oxygen! Alve- olar- 

Content) Satura-| olar Arterial 
(Vol- | tion Oxygen) Gradi- 
ume | (Per Tension; ent 
Per Cent) pe (mm.) 


VITAL 
CAPACITY 
(cc.) 


CAPACITY IN 3 SEC- 
ONDs (TIMED VITAL 
CAPACITY) 

AXIMUM 

ESIDUAL AIR (PER 
PER CENT OF CARDIAC 
OUTPUT 


(cc.) 


| VENOUS ADMIXTURE as 


TOTAL LUNG VOLUME 


| 


| 


| NUMBER OF PATIENTS 
| PER CENT OF VITAL 


Average 
normal..... 
Emphysema. . 
Silicosis. 
Bronchiec- 
tasie...... 
Tuberculosis. 
Acute miliary 
tuberculo- | | 
(5,382 | 30 | 21.7 | 96.8 | 106.4 
Fibrosis...... 4,807 | 51 (46.6 | 77.3 | 67.6 


5,500 
7,804 | 


| 42 
53 | 50.1 
572 | 66 | 45.9 


285 


8 


5,335 | 36 | 41.4 | 91.0 


| 
| 
| 
| 
| 
| 


| 
| 
| 
|e 


RESULTS 

The compilation of results obtained in the individual cases is presented in 
table 1. The average values obtained for each disease are shown in table 2. 

It is evident (table 1) that the residual air percentage was greater than the 
usually accepted normal value in all patients in whom lung volumes were 
measured. Increase in residual air percentage in some of the patients was in part 
secondary to decrease in total lung volume, the decreased total volume thereby 
causing a relative increase in the volume of residual air. It is thus evident that 
the use of residual air percentage alone is not a reliable means of classifying the 
severity, or even determining the presence, of emphysema. For this reason, the 
resting arterial oxygen saturation percentage was used in grading severity of 
emphysema, and the patients were listed in order of reduction in resting arterial 
oxygen saturation. 

The average value obtained for the alveolar-arterial oxygen tension gradient 


DISEASE 
| 
| | 
12 6 | 15 
19.1) 24 | 17 
25.2) 21 | 15 
14.4. 14 | 20 
17.1; 18 | 19 
0.4 9 | 
21.7) 34 | 12 
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(A-a gradient) was increased in each disease (table 2). However, there were 
some persons in the present study whose A-a gradient was normal or only 
slightly increased (table 1). 

The A-a gradient was greatest in those diseases characterized by diffuse 
pulmonary fibrosis, namely, silicosis and idiopathic pulmonary fibrosis. Venous 
admixture was uniformly increased, with few individual exceptions. The diffu- 
sion coefficient of oxygen across the alveolar-capillary membrane (DO,) was 
significantly decreased in only a few instances (table 1). 


DISCUSSION 


In an effort to evaluate major factors which might affect the A-a gradient, 
ventilatory measurements were performed in addition to determinations of 
blood gas, venous admixture, and oxygen diffusion coefficient values. It seems 
justifiable, in considering the possible correlation of ventilatory measurements 
with the A-a gradient, to emphasize the concept of “external’’ ventilation, 
which refers to movement of air into and out of the tracheobronchial tree, and 
“internal” ventilation, which concerns the intrapulmonary distribution of in- 
spired air, or alveolar ventilation. 

Patients who had the most severe interference with external ventilation did 
not necessarily have any greater increase in A-a gradient than those with less 
impairment of external ventilation (table 1). The average values for venti- 
latory measurements and A-a gradient for the different diseases (table 2) reveal 
no real correlation between external ventilation and A-a gradient. There is, 
therefore, no significant correlation between impairment of external ventilation 
and the A-a gradient. 

The average A-a gradient was increased in all diseases and was associated 
with increase in average venous admixture percentage (table 2). The increased 
alveolar-arterial oxygen tension gradient, therefore, would appear to be, in part, 
due to the continued perfusion of poorly ventilated alveoli. 

Perfusion of poorly ventilated alveoli with resulting increase in venous ad- 
mixture was not the only mechanism involved in these patients. The diffusion 
coefficient of oxygen in some instances was significantly reduced. Two patients 
(L. C. and A. G.) with severe emphysema had oxygen diffusion coefficients of 
8 and 9, respectively. Donald and associates (7) and Richards (14) have pointed 
out that, in the presence of a reduced diffusion coefficient of oxygen, it is im- 
possible to differentiate a reduction in total diffusing surface area from actual 
pathologic alteration of the alveolar-capillary membrane. The reduction in the 
diffusion coefficient of oxygen in the 2 patients with severe emphysema may, 
therefore, be due primarily to the marked reduction in total diffusing surface 
area. Thus, it is at present impossible to determine whether or not impairment 
of oxygen diffusion occurs in emphysema. 

Patients with silicosis usually have attendant pulmonary emphysema. Pulmo- 
nary fibrosis usually predominates, however, and might possibly invade the 
alveolar-capillary membrane and impair diffusion of oxygen. Significant reduc- 
tion in the diffusion coefficient of oxygen was observed in 2 patients with silicosis. 
One of these (W. M.) had only mild emphysema associated with considerable 
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diffuse fibrosis. Since there probably was not extensive reduction in diffusing 
surface area due to emphysema, it seems possible that there was fibrous involve- 
ment of the alveolar-capillary membrane with impairment of diffusion. Con- 
firmation will require much further study of similar patients. 

Bronchiectasis is usually a less diffuse disease with relatively little fibrosis; 
therefore, impaired diffusion of oxygen would not be expected. Impaired alveolar 
ventilation with resulting increased venous admixture probably is responsible 
for the increased A-a gradient observed. The one patient (A. C.) who had 
significant reduction in the diffusion coefficient of oxygen had severe bron- 
chiectasis and contraction of the left lung. It was an almost functionless lung, 
sd the other lung was markedly overdistended. There probably was severe 
reduction in diffusing surface area to account for the reduced diffusion coefficient. 

Two patients (P. C. and P. H.) with tuberculosis had significant reduction 
in the diffusion coefficient of oxygen. Both had chronic bilateral pulmonary 
tuberculosis with considerable fibrosis. Neither would tolerate measurement of 
lung volumes, but there was no evidence of significant emphysema by either 
roentgenographic or physical examination. Therefore, impairment of diffusion 
might have been a reflection of the attendant fibrosis. 

The one case of acute miliary tuberculosis had significant reduction in diffusion 
coefficient of oxygen with only slight increase in venous admixture. The increase 
in A-a gradient in this case may have been due to a diffusion barrier at the 
alveolar-capillary membrane. Impairment of diffusion in acute miliary tuber- 
culosis with reversion toward normal as the inflammatory process responds to 
treatment has been reported (5). All such patients may not show complete 
recovery, since the inflammatory process might be replaced in part by fibrous 
tissue. Likewise, any patient with extensive pulmonary tuberculosis might also 
have residual! fibrous alteration of the alveolar-capillary membrane with result- 
ing impairment of diffusion of oxygen. Adequate study of many more patients 
will be necessary to clarify this. 

The A-a gradient was above normal in all but one patient with idiopathic 
pulmonary fibrosis. The likelihood of impaired oxygen diffusion as a cause of 
the increased A-a gradient would appear to be greatest in this group for two 
reasons: the diffuse nature of the fibrosis; and the absence of significant em- 
physema, which minimizes the possibility of reduction in total diffusing surface 
area. Although the average diffusion coefficient was lower in this group than for 
any other disease (table 2), it was significantly decreased in only one case (L. G.) 
(table 1). Increased percentage of venous admixture, however, was an outstand- 
ing finding. It appears, therefore, that again impairment of diffusion is not 
the functional alteration primarily responsible for the increased A-a gradient. 
Instead, the increase in the A-a gradient is due primarily to continued perfusion 
of poorly ventilated alveoli. 


SUMMARY 


Ventilatory and blood gas studies were performed in 32 patients with chronic 
pulmonary disease. 
The alveolar-arterial oxygen tension gradient was increased in nearly all cases. 
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No significant correlation between the ventilatory values and the A-a gradient 
was evident. The percentage of venous admixture was increased in all but 2 
patients. 

The diffusion coefficient of oxygen was significantly reduced in 9 patients. 
Impairment of diffusion, however, was most likely present in only the patient 
with acute miliary tuberculosis. The reduced diffusion coefficient in the re- 
maining patients could be explained, for the most part, by reduction in diffusing 
surface area. 

Thus, inadequate ventilation of normally perfused alveoli is apparently the 
primary cause for increase in the A-a gradient in these common lung diseases. 


SUMARIO 


Justipreciacién de los Factores que Afectan la Pendiente de la Tensién del 
Oxitgeno Alvéolo-Arterial en las Afecciones Pulmonares Crénicas 


En 32 sujetos que tenian enfermedad pulmonar crénica, ejecutéronse estudios de la 
ventilacién y de los gases sanguineos. 

En casi todos los casos, estaba aumentada la pendiente de la tensién del oxigeno al- 
véolo-arterial. No se noté ninguna correlacién importante entre los valores de la ventila- 
cién y la pendiente A-a. En todos los enfermos, menos 2, habia aumentado el porcentaje 
de mezcla venosa. 

En 9 enfermos, estaba reducido significativamente el coeficiente de difusidn de oxigeno, 
pero esta insuficiencia tenfa m&s probabilidades de presentarse Gnicamente en los que 
padecian de granulia aguda. En los demds sujetos, cabia explicar, en su mayor parte, la 
disminucién del coeficiente de difusién a base de la reduccién del drea superficial de di- 
fusién. 

La inadecuada ventilacién de los alvéolos normalmente perfundidos es, pues, aparente- 
mente la causa primaria del aumento de la pendiente A-a en esas neumopatias corrientes. 


RESUME 


Une évaluation des facteurs influengant le gradient de la tension alvéolo-artérielle 
de l’orygéne dans la maladie pulmonaire chronique 


L’étude de la ventilation et des gaz du sang A été effectuée chez 32 patients atteints 
d’affection chronique du poumon. 

Le gradient de la tension alvéolo-artérielle de l’oxygéne était augmentée dans tous les 
cas. Aucune corrélation significative entre les valeurs de la ventilation et le gradient al- 
véolo-artériel n’a été démontrée. Le taux de l’admixion veineuse était augmenté chez tous 
les malades sauf deux. 

Le coefficient de diffusion de l’oxygéne était réduit de fagon significative chez 9 mala- 
des. Le plus souvent, |’altération de la diffusion n’était présente que chez le malade affecté 
de tuberculose miliaire aigué. La réduction du coefficient de diffusion chez les autres ma- 
lades du groupe pouvait en grande partie s’expliquer par la réduction de la surface de 
diffusion. 

Ainsi, une ventilation insuffisante au niveau des alvéoles normalement irriguées semble 
étre la cause initiale de |'élévation du gradient alvéolo-artériel dans ces affections ordi- 
naires du poumon. 
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THE PROGNOSIS OF SARCOIDOSIS'”* 
DAVID T. CARR ann ROBERT P. GAGE 
(Received for publication May 19, 1953) 


INTRODUCTION 


A review of the literature reveals many conflicting statements concerning the 
prognosis in sarcoidosis. For example, Riley (1) studied a series of 52 patients 
who were followed for six months to nineteen years; he reported that 10 of these 
had died of sarcoidosis and 3 others of unrelated causes. Tuberculosis had de- 
veloped in 6 of those who died and in 7 others. Only 17 had shown any evidence of 
improvement. Reisner (2) also found the prognosis in sarcoidosis to be poor. 
He studied 28 patients for one to fifteen years and found that 7 of them had 
died: 5 of tuberculosis, one of progressive sarcoidosis, and another of an un- 
determined cause. Six of the 7 patients who died had tuberculosis. In only 9 
of the patients did the sarcoidosis regress significantly. Hunnicutt and his as- 
sociates (3) had a similar experience. They observed 34 patients for varying 
periods up to eighty months and found that 5 of them had died: 2 of tuberculo- 
sis, one of sarcoidosis, and 2 of other causes. In addition, tuberculosis had de- 
veloped in 3 others. Only 7 of them had shown any improvement. 

In contrast, Garland (4) reported that, of 17 patients followed for six months 
to seven years, none died or developed tuberculosis and that in 10 of these the 
lesions regressed. King (5) observed similar results; none of his 37 patients died. 
In two months to four years, 26 of them improved and only 3 worsened. Ricker 
and Clark (6) sent questionnaires to 114 patients several years after a diagnosis 
of sarcoidosis had been made. Sixty-seven replies were received, and in all of 
these cases the patients were still alive. Hartweg (7), Stubbe (8), Cone (9), and 
Bruce and Wassén (10) also reported that the prognosis in sarcoidosis was good. 
Longcope and Freiman (11) reported on two series of cases in their outstanding 
monograph on sarcoidosis, one from the Massachusetts General Hospital and 
the other from the Johns Hopkins Hospital. In the Massachusetts General 
Hospital series, 37 patients were followed for two to more than twenty years, 
with only 2 deaths, one due to sarcoidosis and another due to an incidental 
neoplasm. In the Johns Hopkins Hospital series, 30 patients were followed for 
the same period of time, with 9 deaths; all were presumably due to sarcoidosis. 

In spite of the fact that the present writers had no hope of settling this con- 
flict, it did seem worth while to determine what had happened to those patients 
who had had a diagnosis of sarcoidosis made at the Mayo Clinic. 


' From the Division of Medicine and the Division of Biometry and Medical Statistics, 
Mayo Clinic, Rochester, Minnesota 
* Presented before the Medical Session, as part of the session on Nontuberculous Diseases 
of the Chest, at the annual meeting of the National Tuberculosis Association, Los Angeles, 
California, May 19, 1953. 
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OBSERVATIONS 


Only patients with a biopsy typical of sarcoidosis and without any other ex- 
planation for the disease were included in the present study. The records of such 
cases for the years 1940 through 1951 were reviewed. Follow-up information was 
obtained by subsequent examinations at the clinic and by follow-up letters. 
The age and sex data for the 194 patients are given in table 1. Only 9 (4.6 per 
cent) of the patients with sarcoidosis were Negroes, but this is approximately 
ten times as great as the frequency of Negroes in the total patient population. 
One hundred and nineteen of the patients had a tuberculin test, the dose of PPD 
varying from 0.00002 to 0.005 mg. Twenty-three (19.3 per cent) of these patients 


TABLE 1 
Sarcorposis: Ace anp Sex Distrinution or 194 PaTients wits Sarcorposis 


TOTAL 


MALES FEMALES 


Number Per Cent Number Per Cent Number Per Cent 


to 
wok SBias 


& 

ws 


118 


39.7 years 42.1 years 


Youngest 9 years 


12 years 


Oldest 70 years 78 years 


had a positive reaction to the tuberculin. The Kveim test was not used in the 
present series. Bacteriologic studies of the biopsied tissue were made in 81 of 
the cases, without any positive findings. Some of the patients were given various 
combinations of the treatments available during the last fifteen years, including 
rest, roentgen therapy, vitamin D, and antimicrobial therapy, but there was no 
suggestion that any of these agents had affected the prognosis. In only a few of 
the most recent cases were cortisone and corticotropin given; so these drugs 
could not have had any effect on the survival rates given in this report. 

The three-year and the five-year follow-up data are given in table 2 (12). It 
will be seen that 93 per cent of the patients in the three-year group were traced, 
and that 93.3 per cent of these traced patients were found to have survived for 
this period of time. Ninety per cent of the patients in the five-year group were 
traced, and 92.9 per cent of these patients traced for five years were alive at the 
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AGE 
years 
0- is 
10 3.4 
20 16.1 
30 | 28.9 
40 18.6 
5O 25.4 
60. 5.9 
70- 1.7 
Total. . 194 100.0 76 100.0 = 100.0 
Mean 41.2 years 
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end of the five-year period. The apparent ambiguity which exists in the table be- 
tween the three-year and five-year survival rates for the ages 30 to 49 and 50 
or more years is due to the paucity and selection of data. An analysis of the data 


TABLE 2 
Sarcorposis: Survivat Rates spy Ace Group 


LIVED } OR MORE YEARS LIVED 5 OR MORE YEARS 


vase AFTER CLINIC DIAGNOSIS AFTER CLINIC DIAGNOSIS 


Total Traced Number | Per Cent* Traced | Number — Per Cent* 


28 21 
56 46 
41 | 31 


134 125 . 98 


* Based on traced patients. Inquiry as of January 1, 1953. Included in the three-year 
group are those patients who were diagnosed at the clinic three or more years prior to the 
time of inquiry, that is, 1949 or earlier; the five-year group includes those patients diag- 
nosed in 1947 or earlier. 


Survival curve for patients with sarcoidosis 


Norma} population 


959 


940 
929 906 


Sarcoidosis 


cent survivals 


Per 


3 4 5 6 7 10 
Years after clinic diagnosis 


Fie. 1. The survival curve for patients who had sarcvidosis compared with the survival 
curve for a ‘‘normal’’ population of the same age and sex distribution. 


revealed no evidence that the mortality rate was related to the age, sex, race, or 
tuberculin sensitivity of the patient. 

The survival curve for patients who had sarcoidosis is given in figure 1, with 
supporting data in table 3. This is compared with a survival curve of a “normal” 
population of the same age and sex distribution. It may be seen that the patients 
with sarcoidosis have a slightly lower survival rate than the “normal” popula- 


years | 
ae 10-29 30 29 19 | 90.5 
ae 30-49 67 60 48 | 93.5 
50+ 47 45 2 93.5 
a 
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70 


PROGNOSIS OF SARCOIDOSIS 81 


tion. Nevertheless, the five-year and ten-year survival rates are 96 per cent and 
88 per cent, respectively, of the normal. 

There was a total of 17 deaths in the entire group. Three of these were due to 
progressive sarcoidosis and one to miliary tuberculosis. Four patients died of a 
malignant neoplasm, one each of lupus erythematosus, rheumatic heart. disease, 
biliary cirrhosis, and suicide. The cause of death was not determined in the re- 
maining 5 cases. 

Information concerning ability to work was obtained from 135 of the surviving 
patients. One hundred (74.1 per cent) reported that they were able to work full 
time, and an additional 17 (12.6 per cent) were able to work part time. Only 
18 (13.3 per cent) were unable to work at all. 

The incidence of tuberculosis in the patients who survived would have been 


TABLE 3 


Sarcorposis: SurvivaL Rates 


LIVED BEYOND INDICATED PERIOD 
PERIOD 


Survival Rate, 
Number Per Cent* 


| 
* Based on traced patients. Inquiry as of January 1, 1953. Included in the three-year 
group are those patients who were diagnosed at the clinic three or more years prior to the 
time of inquiry, that is, 1949 or earlier; the five-year group includes those patients diag- 
nosed in 1947 or earlier, and so forth. 


of interest but could not be determined from the data available. Neither was it 
possible to obtain any significant data concerning the number of patients whose 
lesions had partially or completely resolved. 


COMMENT 


The present results seem to agree with those mentioned in the introduction 
indicating that the prognosis in sarcoidosis is good. On the other hand, those re- 
ports that the prognosis in sarcoidosis is poor are reliable and cannot be ignored. 
A careful review of all of these reports and comparison with the present data 
revealed no explanation for the discrepancy. It did not seem to be due to the age, 
sex, race, or economic status of the patient. Neither was there any evidence that 
the prognosis was related to the clinical manifestation of the disease or to the 
treatment which was given. The varying incidence of the subsequent develop- 
ment of tuberculosis in the reports cited is also puzzling. The answer to this 
puzzle may be the key to the larger problem of the prognosis, although the high 
mortality in the Johns Hopkins Hospital series was apparently due to progressive 
sarcoidosis and not tuberculosis. Riley (1) has suggested that the practice of 


i 
years 
3 144 134 | 125 93.3 
5 109 98 91 92.9 7 
| | | 
7 63 55 49 89.1 x. 
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hospitalizing patients who have sarcoidosis in the same wards with tuberculous 
patients might account for the subsequent development of tuberculosis in many 
of these patients. However, he did not consider that these data warranted such a 
conclusion. His suggestion that this aspect of the problem be studied further is 
a good one and such a study is urgently needed. In the meantime it would seem 
unwise to expose a patient who has sarcoidosis to tuberculosis, and these patients 
should be urged to take extra precautions to avoid tuberculous infection. 
Another possibility which must be considered is that sarcoidosis may not be 
a specific disease entity. It may be a group of diseases with certain similarities. 
If this is so, the various reports on sarcoidosis may not refer to comparable cases. 
When the etiology of sarcoidosis is discovered, it may be possible to diagnose the 
disease more specifically. Then it should be possible to determine its prognosis 
more accurately and also to answer some of the other puzzling questions about 
this disease. 


SUMMARY 


A review of the literature revealed conflicting reports concerning the prognosis 
in sarcoidosis. A follow-up study was made of 194 patients with sarcoidosis ex- 
amined at the Mayo Clinic during the years 1940 through 1951. More than 90 
per cent of the patients were traced, and the five-year and ten-year survival 
rates were found to be 92.9 per cent and 80 per cent, respectively. There was no 
evidence that the prognosis was influenced by age, sex, race, tuberculin sensitivity 
of the patient, or the treatment administered. Three of the deaths were due to 
progressive sarcoidosis and one to tuberculosis; 13 other patients died of un- 
related or unknown causes. Although the variation in death rates in the various 
reports remains unexplained, it is suggested that exposure to tuberculosis with 
subse. ,uent development of progressive tuberculosis may be a significant factor. 
Therefore, it is also suggested that patients who have sarcoidosis should avoid 
contact with tuberculosis. 


SUMARIO 


El Pronéstico en la Sarcoidosis 


Un repaso de la literatura revelé datos contradictorios en cuanto al prondstico en la 
sarcoidosis. En 194 enfermos de sarcoidosis examinados en la Clinica Mayo durante los 
afios 1940 a 1951, inclusive, ejecutése un estudio subsiguiente. Descubridése el paradero de 
mds de 90 por ciento de los pacientes y los coeficientes de sobrevivencia de cinco afios y 
diez afios resultaron ser de 92.9 y 80 por ciento, respectivamente. No hubo prueba alguna 
de que el prondéstico fuera afectado por la edad, el sexo, la raza, la sensibilidad a la tuber- 
culina o el tratamiento administrado. Tres de las muertes se debieron a sarcoidosis pro- 
gresiva y una a tuberculosis, falleciendo otros 13 enfermos de causas inconexas o descono- 
cidas. Aunque permanece sin explicacién la variacién en la mortalidad que muestran las 
distintas comunicaciones, apdntase que la exposicién a la tuberculosis con la subsiguiente 
aparicién de tuberculosis evolutiva puede constituir un factor importante, por lo cual se 
sugiere que los enfermos de sarcoidosis eviten todo contacto con los tuberculosos. 
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RESUME 


Le pronostic dans la sarcoidose 


Une analyse de la littérature a révélé des rapports contradictoires quant au pronostic 
de la sarcoidose. Une étude portant sur cent quatre-vingt-quatorze malades atteints de 
sarcoidose, examinés A la Clinique Mayo entre 1940 et 1951, inclusivement, a été entre- 
prise. Plus de 90% des patients furent suivis et les taux de survie de cing ans et de dix ans 
ont été respectivement 92,9 pour cent et 80 pour cent. L’influence sur le pronostic soit de 
l’Age, du sexe, de la race, de la sensibilité 4 la tuberculine ou du traitement effectué n’a pu 
étre démontrée. Trois décés ont été causés par la sarcoidose progressive et un par la tuber- 
culose, 13 autres malades ont succombé a des affections différentes ou indéterminées. Bien 
que la variabilité des taux de mortalité des divers rapports demeure inexpliquée, les au- 
teurs sont d’avis que l’exposition A la tuberculose avec développement ultérieur d’une 
tuberculose évolutive pourrait constituer un facteur significatif. En conséquence, il est 
également suggéré que les malades atteints de sarcoidose évitent tout contact avec la tuber- 
culose. 
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ULCERATION OF THE BRONCHIAL STUMP AFTER 
RESECTION FOR TUBERCULOSIS'* 


LEWIS R. ROLL 


(Received for publication May 21, 1953) 


INTRODUCTION 


Ulceration of the bronchial stump presumed to be tuberculous has been recog- 
nized since pulmonary resection became an accepted method of treatment for 
tuberculosis. Overholt and Wilson (1) reported this complication in 4 of 19 
cases in which resection was performed in the presence of tuberculous bronchitis. 
Other reports (2-14) in the English literature have cited incidences below 12 per 


cent. 
At Firland Sanatorium, the frequency of ulceration in the bronchial stump 


seemed greater than that reported in any other series. The first 400 resections done 
on 389 patients at this institution were reviewed in an effort to evaluate the 
problem. All were performed between June 1946, and August, 1951, at a time 


. a. when long-term antituberculous chemotherapy was not being used. Each con- 
ues sisted of removal of a complete bronchopulmonary segment or more. Final data 
3 were collected one year or more after the last resection. 


OBSERVATIONS 


One hundred and sixty-one of the 400 resections were followed by broncho- 
scopic examinations after the surgical period, 142 primarily because of the 
presence of sputum positive for tubercle bacilli and 19 for other reasons in pa- 
tients with sputum negative for tubercle bacilli. Ulceration of the bronchial 
stump was found in 93 of the former group and in 4 of the latter. While the 
presence of this complication had no known influence on mortality, it was fre- 
quently considered a source of sputum positive for tubercle bacilli and, in one 
case, of troublesome hemoptysis. The ulceration was indistinguishable from 
tuberculous endobronchitis seen elsewhere in the tracheobronchial tree and, in 
each instance, was diagnosed by the bronchoscopist as a tuberculous lesion. 
These findings are summarized in table 1. 

In 64 of 93 patients with “positive” sputum, the only recognized source of 
tubercle bacilli was ulceration of the bronchial stump. Three patients could not 
be followed until healing occurred; another died, and a tuberculous ulcer was 
found in the bronchial stump at post-mortem examination. Three failed to 
“eonvert”’ their sputum with healing of the ulcers; the remaining 57 “‘converted.” 

Twenty-nine of the 93 patients with bronchial stump ulcers were considered to 
have additional sources of sputum positive for tubercle bacilli. Eleven of these 


! From Firland Sanatorium, Seattle, Washington. 
2 Presented before the Medical Session, as part of the session on Surgery in the Treat- 


ment of Pulmonary Diseases, at the annual meeting of the National Tuberculosis Associa 
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had second operations; in 4, the stump ulcers were still unhealed and active 
tuberculous bronchitis was demonstrated upon pathologic examination. The 
remaining 18 failed to attain “negative” sputum after healing of the ulcers. 
Fourteen of the patients died during the first postoperative week. The remain- 
ing 386 resections were analyzed statistically in an effort to determine what 
factors might have contributed to the occurrence of the ulceration. The factors 
studied were tested individually by the chi-square method. A chi-square with 
P equaling 0.05 was considered significant, 0.01 highly significant. To avoid 
errors due to cross correlation, those factors which alone appeared siguificant, 
or nearly so, were broken down into subgroups so that it was possible to test 
by chi-square for the effects of one factor with one, two, or more of the other 
factors held constant. 


TABLE 1 
ULCERATION OF THE BroncuiaL Stump 
400 Consecutive Resections 


Pneumonectomies 
Lobectomies and/or segmental resection. 


Totals. 


Thereafter the ulcers were studied to determine significant points about their 
behavior. 


Analysis of Factors 


Factors of no significance: There was no correlation between the occurrence of 
bronchial stump ulceration and the age, race, and sex of the patient; nor was there 
correlation with the stage and duration of the parenchymal tuberculosis or the 
extent of the resection. 

The other factors studied are considered individually and in more detail. 

Antituberculous drugs: Only 3 of the resections were done prior to the use of 
streptomycin, although 10 were without the protection of antituberculous drugs. 
Streptomycin or dihydrostreptomycin, with or without para-aminosalicylic acid, 
was used with surgery. The susceptibility of the patients’ tubercle bacilli at the 
time of surgery was known in only 39 instances. Thus, it was necessary to com- 
pare the various drug regimens to arrive at any valid conclusions. 

Many regimens of drugs were used before, during, and after the surgical 
period. By use of the Veterans Administration statistics on the emergence of 
strains of tubercle bacilli resistant to streptomycin (15), it was possible to assign 
each of the 386 cases to one of the following groups: 


Group A: Patients who prior to surgery had received courses of drugs which 
probably resulted in 20 per cent or more having streptomycin-resistant 


organisms, and who received three to six weeks of drugs with surgery 


CASES ULCERS PER CENT 
164 36 23.38 
| 246 61 24.80 i 
400 97 24.25 
t 
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Group B: Patients who received no drugs prior to the surgical period or who re- 
ceived less than the above amounts, and who also were given drugs for 
three to six weeks with surgery 

Group C: Patients who had their only drug therapy during the surgical period 
and who received such therapy for longer than six weeks 

Group D: Patients who received no drugs 


As may be seen in table 2, the drug regimens constituted a highly significant 
factor in the occurrence of bronchial stump ulcer (P < 0.01). Regimen A was 
inferior to B in preventing the complication (P < 0.01). The findings suggested, 
but did not establish, that regimen C was the most effective in avoidance of ulcers. 
No conclusions could be drawn regarding regimen D because of the small number 
of cases. 


TABLE 2 
ReGimMens 


Total cases 
Ulcers 


Per cent 


Total cases 
Ulcers 


Per cent 


croup A croup B 


DRUGS RECEIVED 
BEFORE AND 
3 TO 6 WEEKS 
DURING SURGERY 


NO DRUGS RECEIVED 

PRIOR TO SURGERY; 

DRUGS GIVEN 3 TO 6 
WEEKS DURING 


SURGERY 


112 225 
41 46 


20.44 


36.61 


TABLE 3 
PREOPERATIVE BRONCHOSCOPIC 


NORMAL 


206 
51 


24.76 


croup C 
DRUGS GIVEN 


AND FoR 
LONGER THAN 6 
WEEKS 
39 
7 


17.95 


FINDINGS 
KNOWN TUBERCU- 


LOUS BRONCHITIS 
OR FIBROSTENOSIS 


96 
23 


ONLY DURING 8UR- 


croup D 
NO DRUG THERAPY 


NONSPECIFIC 
INFLAMMATION 


63 
22 


23.96 


34.92 


Preoperative bronchoscopic findings: Twenty-one of the 386 patients did not 


have bronchoscopic examinations, and one ulcer occurred in this group. In the 
remaining 365 patients, the preoperative bronchoscopic appearance of the 
bronchi to be amputated could be grouped into three categories (normal, known 
tuberculous bronchitis or fibrostenosis, and nonspecific inflammation) as shown 
in table 3. 

In the second category (known tuberculous bronchitis or fibrostenosis), 2 pa- 
tients were known to have active tuberculous bronchitis at the time of operation 
and both developed ulcers of the stumps. The remaining ones had previously 
exhibited tuberculous endobronchitis which was inactive at the time of surgery 
or had fibrostenosis which may have been due to an earlier tuberculous bronchitis. 
The third group had findings which were described by the bronchoscopists as 
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“nonspecific inflammation” ; that is, erythema and edema of the bronchial mucosa 
without ulceration, granulations, or mucosal tubercles. 

Testing the factor of preoperative bronchoscopic findings alone did not reveal 
any significant difference in the incidence of ulcers in the three categories (P > 
0.05). But when the testing was carried further by holding drug regimens and 
type of parenchymal tuberculosis constant a significance was revealed (P < 
0.05). The presence of preoperative nonspecific inflammation in the bronchus 
was a significant factor in the postoperative occurrence of stump ulceration. 

Type of parenchymal tuberculosis: The type of parenchymal tuberculosis by 
roentgenographic interpretation existing at the time of operation and its correla- 
tion with the occurrence of ulceration of the bronchial stump is shown in table 4. 

The observed higher incidence of ulcers when the resections were done in the 
presence of exudative parenchymal tuberculosis was not significant when tested 
alone or with drug regimens, and preoperative bronchoscopic findings held con- 
stant (P > 0.05). 


TABLE 4 
Tyre or PARENCHYMAL TUBERCULOSIS 


PRODUCTIVE MIXED EXUDATIVE 


Total cases..... , 116 185 85 
Ulcers... 22 47 28 


Per cent 18.97 25.41 32.94 


Preoperative bacteriologic sputum status: In this series of resections, only 29 
were done in the presence of known “negative” sputum cultures, now one of the 
widely accepted criteria for localized resections. Five of these patients (17.24 per 
cent) developed stump ulcers. Three hundred and fifty-seven cases had ‘‘positive’”’ 
sputum or cultures had not been done preoperatively. Of these, 92 (25.77 per cent) 
developed stump ulcers (P > 0.05). 

Method of bronchial closure: Although various materials such as steel wire (16, 
17), tantalum wire (18), and nylon (19) have been recommended for bronchial 
closure, all of these bronchi were closed with fine black silk. It has been suggested 
that ulcers tend to occur in the bronchial stumps at the site of mattress sutures 
(1, 6). Of 203 cases with bronchial closure using mattress sutures, ulceration 
occurred in 38 (18.7 per cent). Of the 183 patients in whom no mattress sutures 
were left in the stumps, 59 (32.2 per cent) developed ulcers. There appeared to 
be a significantly higher incidence of ulcers when mattress sutures were not used 
(P < 0.01). But when subgroups were tested, holding drug regimens and pre- 
operative bronchoscopic findings constant, P was greater than 0.05. Thus, the 
apparent significance regarding the two types of sutures was due to an error 
incident to cross-correlation of other factors. 

Pathological examination of resected specimens: One hundred and eighty-one 
surgical specimens were examined grossly and microscopically for evidence of 
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tuberculous endobronchitis. Seventy of those were from patients who subse- 
quently developed stump ulcers, thus weighting the data toward that group. For 
that reason it was not possible to set up any correlation which appeared statis- 
tically valid. 

By examination of the specimens from the 70 patients who later had ulceration 
of the bronchial stump, it was established that 39 had peripheral bronchitis but 
none in the amputated bronchus; 21 had active tuberculosis in the amputated 
as well as in the peripheral bronchi; 5 had no demonstrable tuberculosis in any 
bronchus. This suggests that the presence of peripheral tuberculous bronchitis 
correlated more closely with the development of the ulceration of the stump than 
did bronchitis found at or near the site of amputation of the bronchus. 
Study of the Ulcers 

Diagnosis and time of occurrence: All of the ulcers were diagnosed by inspec- 
tion at bronchoscopic examinations done for some specific indication, usually the 
persistence of tubercle bacilli in the sputum. Fifty-five ulcers were noted to occur 
within the first six months after operation; 33 were first seen between six and 
twelve months; and 9, after one year. One was diagnosed twenty-one months 
after operation. 

Suture material in the stumps: In 71 of the stumps, suture material projected 
through the bronchial mucosa at the time the ulcers were being observed and 
treated. In 31, the ulcerations did not heal until after the sutures were expec- 
torated, removed, or became covered by bronchial mucosa. There was, however, 
apparent healing of the ulcers in the remaining cases followed while sutures were 
still visible. 

Treatment and healing of ulcers: The majority of the ulcers were observed at a 
time when it appeared necessary to reserve the use of antituberculous drugs for 
more life-threatening situations. Only 9 were treated primarily with streptomy- 
cin, with or without para-aminosalicylic acid. The rest were treated by applica- 
tion of 30 per cent silver nitrate directly to the ulcers and removal of suture ma- 
terial when possible. If healing was delayed, antituberculous therapy, including 
Tibione in 20 cases, was added. The benefits from Tibione were equivocal. 
Because so few of the ulcers were treated with streptomycin, with or without 
para-aminosalicylic acid, it cannot be said from this study that the use of these 
drugs is superior to local cautery. Nevertheless, it is believed from later experi- 
ence that such is true. 

As has been noted, the progress of the ulcers could not be followed in 4 cases, 
and 4 other patients had second operations while the stump ulcers were still 
active. All of the remaining ulcers were thought to have healed satisfactorily. 
Fifty-seven healed within four months; twenty-eight more were healed by the 
end of nine months, and the remaining 4 persisted for longer than nine months. 
The longest duration of any ulcer was eleven and one-half months. 

The details on reversal of infectiousness with the healing of the ulcers have been 


given. 
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DISCUSSION 


No biopsies of the uicerated areas were taken, but it is believed that the major- 

ity, if not all, were tuberculous. Their appearance at bronchoscopic examination 
strongly suggested tuberculous lesions. Fifty-seven of 60 patients followed, who 
were discharging tubercle bacilli in the sputum without recognizable sources other 
than the bronchial stumps, became noninfectious upon healing of the ulcers. 
Five stumps subsequently examined grossly and microscopically, 4 after further 
surgery and one at post-mortem examination, had active tuberculous bronchitis. 

The reason the incidence of ulceration of the bronchial stump was so high at 
Firland Sanatorium is not completely clear. Perhaps it is noteworthy that the 
resections were done at a time when the ideal postoperative care was considered 
to be at least six months of bed rest with six more months of graduated ambula- 
tion. Those patients who followed such advice and remained in the hospital for 
the full year after operation had frequent sputum examinations by culture. All 
patients who were found to have tubercle bacilli in the sputum after resection 
had bronchoscopic examinations of their bronchial stumps unless contraindicated. 
This probably permitted recognition of many ulcers which might have been over- 
looked under a less detailed follow-up. 

Subsequent to the present series, the experience with continuous prolonged 
use of preoperative and postoperative drug therapy prescribed with full knowl- 
edge of the drug-susceptibility of the tubercle bacilli suggests that stump ulcera- 
tion may be a minor problem in the future. The increased use of localized resec- 
tions during such drug therapy may minimize the problem even further. 


SUMMARY 


Ulceration of the bronchial stump considered to be tuberculous occurred in 
more than 24 per cent of 400 resections for pulmonary tuberculosis. 

Upon statistical analysis it was found that a significantly higher incidence of 
stump ulceration occurred in the group of patients who probably had the highest 
incidence of strains of tubercle bacilli resistant to drugs at the time of surgery. 
There were also more ulcers in surgical patients who had nonspecific inflammatory 
lesions of the bronchi. The observed higher incidence in the patients with exuda- 
tive parenchymal tuberculosis who had resections was not statistically significant. 

The use of mattress sutures in bronchial closure did not predispose to stump 
ulceration. Suture material projected through the bronchial mucosa in 71 of the 
ulcerated stumps appeared to interfere with healing of the ulcers in only 31. 

Fifty-five of the ulcers were diagnosed within six months after operation, but 
one was noted twenty-one months postoperatively. 

Primary treatment of the ulcers in this series by the more effective anti- 
tuberculous drugs was limited to too few cases to state that it was the most 
effective method of treatment. 

All ulcers followed satisfactorily eventually healed, usually within four months, 
but one persisted for eleven and one-half months. 
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SUMARIO 
Ulceracién del Mutién Bronquial Después de la Reseccién por Tuberculosis 


Hubo ulceracién del mufién bronquial considerado como tuberculoso en m&s de 24 por 
ciento de 400 resecciones por pulmonar tuberculosis. 

En el andlisis estadistico, observése que habia una incidencia significativamente mayor 
de ulceracién del mufién en el grupo de enfermos que tenia probablemente la incidencia 
mds alta de microbios f4rmacorresistentes al ejecutarse la cirugia. Hubo también mds 
Glceras en los enfermos quirdrgicos que tenfan lesiones inflamatorias inespecificas de los 
bronquios. La incidencia mayor observada en los enfermos con tuberculosis parenquima- 
tosa exudativa en quienes se hiceron resecciones no revelé importancia estadistica. 

El empleo de suturas de colchonero para el cierre bronquial no predispuso a la ulcera- 
cién del mufién. La salida del material de sutura a través de la mucosa bronquial en 71 de 
los mufiones ulcerados no parecié afectar la cicatrizacién de las Glceras mds que en 31. 

Cincuenta y cinco de las Gleeras fueron diagnosticadas en término de seis meses de la 
operacién, pero una fué observada a los veintidn meses. 

El tratamiento primario de las diceras en esta serie por las drogas antituberculosas 
mas eficaces se limité a insuficientes casos para poder afirmar que ése fué el método mds 
eficaz de tratamiento. 

Todas las Glceras atendidas satisfactoriamente cicatrizaron con el tiempo, por lo gene- 
ral dentro de cuatro meses, pero una persistié durante once meses y medio. 


RESUME 


Uleération du moignon bronchique apres résection pour tuberculose 


Dans 400 résections une ulcération du moignon bronchique attribuée a la tuberculose 
est survenue dans plus de 24 pour cent des cas. 

L’analyse statistique a démontré qu’une fréquence significativement plus élevée de 
l’uleération du moignon s’est produite parmi les patients chez lesquels |’incidence de 
bacilles résistants aux drogues au moment de |’intervention était la plus élevée. 

On observait un nombre d’ulcérations plus grand chez les sujets porteurs de lésions 
bronchiques inflammatoires non spécifiques. L’incidence plus élevée, observée chez les 
malades affectés de tuberculose exudative du parenchyme et qui avaient été soumis aux 
résections, n’avait pas de valeur statistique. 

L’emploi de sutures en U (Matress sutures) pour l’oblitération bronchique ne prédis- 
posait pas A l’uleération du moignon. Dans 71 cas d’ulcération du moignon les fils de 
suture perforaient la muqueuse bronchique, ils n’ont paru prévenir la cicatrisation du 
moignon que dans 31 cas. 

Le diagnostic de cinquante-cing de ces ulcérations a été fait dans les six mois qui ont 
suivi l’intervention, mais un des cas a été observé vingt-et-un mois aprés celle-ci. 

Dans ce groupe, le traitement initial des uleérations par les préparations antitubercu- 
leuses les plus efficaces fut limité A un nombre trop restreint de cas pour affirmer que cette 
méthode de traitement est la plus efficace. 

Tous les cas d’ulcération qui ont été suivis ont guéri A un certain moment, habituelle- 
ment en quatre mois, sauf un cas qui a persisté pendant onze mois et demi. 
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DETECTION OF SMALL NUMBERS OF TUBERCLE BACILLI 
IN TREATED SPECIMENS! 


Comparison of Mice, Guinea Pigs, and Artificial Media 
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INTRODUCTION 


Previous studies in this laboratory showed that C57 black mice, inoculated 
intranasally, and guinea pigs, inoculated intramuscularly, were at least ten 
times more susceptible to small numbers of Mycobacterium tuberculosis H37Rv 
from dispersed cultures than either the modification of Léwenstein’s medium 
used in this laboratory or oleic-acid—albumin agar (1). Furthermore, when kept 
on a reduced diet, these mice appeared to be as susceptible to threshold doses as 
were guinea pigs. Finally, whereas large doses of organisms produced typical 
lung lesions in the mouse within two weeks of inoculation, no matter how small 
the dose, three weeks appeared to be sufficient for the development of detectable 
lesions. Smears and sections of the lesions could be shown by fluorescence 
microscopy to contain numerous acid-fast bacilli in contrast to the small numbers 
usually present in guinea pig lesions (2). This and the possible saving of time and 
expense by employing mice suggested that an attempt be made to duplicate the 
results of the pure culture experiments at the diagnostic level. 

At the same time, the writers were interested to examine under quantitative 
conditions the contention of Jensen and Bindslev (3) and of Bloch (4) that large 
numbers of tubercle bacilli are so injured in the human body and/or by the 
homogenization process that they lose their infectivity for guinea pigs, while still 
retaining their ability to grow on artificial media. If this were so, then the ad- 
vantage of the inoculated animal over cultural procedures previously observed 
with untreated pure cultures might well be lost. 


MATERIALS AND METHODS 


Procedure with specimens: The specimens selected for the experiments consisted of 
sputum samples, urine, or fasting gastric contents submitted for routine diagnosis, except 
for one instance in which H37Rv culture was added to sterilized sputum. Unless the con- 
trary is indicated in the text, homogenization and concentration were effected by adding 
an equal volume of trisocium phosphate solution (23 per cent Na,;PO,-12H,O) to the speci- 
men, which was kept at 37°C. overnight. After dilution with ten to fifteen volumes of sa- 
line, the specimen was centrifuged at 3,500 r.p.m. for thirty minutes and the sediment was 
taken up in 1 ml. of supernatant fluid. Following examination by fluorescence microscopy, 
the concentrate was divided into three equal portions for inoculation intramuscularly 
into a guinea pig, intranasally into 2 or 4 mice, and onto culture medium, respectively. 
The optimal dose volume for the mouse is 0.06 ml. so that in most cases the total volume 
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administered to the mice was from one-third to two-thirds of the amount cultured or in- 
oculated into guinea pigs. This is a discrepancy which will be discussed later. 

Media: The writers’ modification of Léwenstein’s medium has been described previously 
(1). The Léwenstein-Jensen medium was prepared in accordance with the detailed account 
given by Holm and Lester (5). Counting techniques, the strains of animals used, their 
maintenance and methods of inoculation, the recognition of infection, and the risk of 
cross-infection in the animal house have been considered in detail elsewhere (1). Fluo- 
rescence microscopy alone was used for examining smears and sections (2). The mice 
were kept on a deficient diet from the date of infection. 

The normal basal diet of these animals consists of the following: maize meal, 40 per 
cent; wheat meal, 18 per cent; bran, 15 per cent; meat meal, (63 per cent protein), 10 per 
cent; dried buttermilk, 10 per cent; linseed meal, 5 per cent; charcoal, 0.5 per cent; crude 
salt, 0.5 per cent; and bone flour, 1 per cent. A vitaminized oil is added immediately prior 
to feeding. The mixture is fed as a dry ration to all of the experimental animals, supple- 
mented by green lucerne (alfalfa) or green oats, and nursing mothers are given a supple- 
ment of powdered whole milk. The reduced diet consists of a proprietary mixture known 
as “calf pellets,” of which the exact composition is not known, but it is a cereal mixture 
with a large proportion of bran. Water is added. 

It has been found that, although mice survive reasonably well on this reduced diet, 
guinea pigs lose weight rapidly and have been known to die from inanition in six to eight 
weeks. 


OBSERVATIONS AND RESULTS 


Qualitative Examinations 

As a preliminary test of the regularity of the mouse response to specimens known 
to contain M. tuberculosis and of the limitations of diagnosis based on the examination 
of lung tubercles, 10 sputum specimens, positive for acid-fast bacilli by direct smear, 
were concentrated with trisodium phosphate. Each was inoculated into 2 mice 
intranasally, one guinea pig intramuscularly, and onto Léwenstein medium. One 


mouse of each pair was sacrificed at three weeks and the other held for twelve weeks 
unless it died earlier. 


In every animal examined at three weeks, lesions were found, varying from a 
few tubercles to extensive consolidation of the lung tissue. Enormous numbers of 
acid-fast bacilli culturally typical of Mycobacterium tuberculosis were present 
in both direct smear and sections. At twelve weeks the pathologic picture had 
progressed to almost complete involvement of the lung tissue in those animals 
which survived, and the lesions still contained numerous acid-fast bacilli. This 
experiment showed that the mouse could readily be infected by trisodium 
phosphate concentrates of ‘“‘smear-positive”’ sputum and also confirmed that 
three weeks were sufficient for the development of recognizable lesions. 


To test the mouse in routine diagnosis, specimens specially selected as probable 
threshold cases, and therefore critical, were studied. One-third of the concentrate, 
consisting of 1 ml. of resuspended deposit from trisodium phosphate-treated urines, 
was set aside for mouse inoculation. The remaining two-thirds were divided equally 
for culture and guinea pig inoculation following the routine diagnostic procedure. 
The guinea pigs were killed at eight weeks, and the cultures were held for ten weeks 
before being discarded. 


i 
4 
re: 
if 
a 


GRAY, CLARKE, AND MATTINSON 


The 4 mice used for each experiment together received almost two-thirds of the 
available inoculum. At the beginning, 2 mice were killed at the fourteenth day and 
the others at the twenty-first day. It soon became evident, however, that there were 
insufficient viable bacilli in these specimens to produce gross changes at two weeks 
and, subsequently, the animals were all kept for three weeks. When macroscopic 
lesions were detected, cultures were made on Léwenstein medium and also onto 
blood agar to detect other pathogenic bacteria. The remainder of the lung was placed 
in 10 per cent formalin. After one to two hours, when the lung was partially fixed and 
therefore easily incised, a suitable tubercle was cut through and one half was crushed 
on a slide. The rest was held for section in the event the smear proved negative for 
acid-fast bacilli. 


The results of this group were disappointing. Only 12 of 80 specimens examined 
during more than one year gave positive results by any method. Of these, 5 
were positive for M. tuberculosis by culture,7 by guinea pig inoculation, and 8 
by mouse inoculation. One specimen positive for M. tuberculosis by culture was 
negative in both animals. The mouse test alone failed to detect 5 specimens 
“positive” by combined culture and guinea pig inoculation. However, it did 
detect 4 “‘positives” which were “negative” by these combined methods. It is 
considered that, with the small numbers of viable bacilli apparently present in 
the concentrated specimens, the observed differences between the two animals 
should be attributed to chance rather than to difference in species sensitivity. 

The findings from the above experiments, involving a total of 90 specimens, 
appear in table 4. 


Quantitative Examinations 


The following experiments were designed to overcome the delay in obtaining 
significant numbers of specimens positive for M. tuberculosis by the routine 
examinations set out above and were conducted in parallel with them. 


Mycobacterium tuberculosis H37Rv added to sterilized sputum: Known numbers of 
Mycobacterium tuberculosis H37Rv, grown for ten days in Tween* medium (1), were 
added to sterilized sputum and dispersed through the sputum by agitation for five 
seconds in a Waring Blendor. Then, after treatment with selected concentrating 
agents, tenfold serial dilutions were made in 0.1 per cent albumin water. An equal 
amount of each dilution was used for culture and for the inoculation of 2 mice and one 
guinea pig, the combined dose for the 2 mice equaling that for the guinea pig. 


In the results, which are presented in table 1, animal inoculation shows an 
advantage over culture and, of course, over direct microscopic examination. 
The mouse test alone failed to detect one “positive,”’ the guinea pig two ‘‘posi- 
tives,”’ and culture six “positives,”’ although two of the latter may have been 
obscured by contaminants in the specimens concentrated with trisodium phos- 
phate. The mouse test alone detected one specimen which was “negative” by 
combined culture and guinea pig inoculation. 


* Tween 80 is the proprietary name for the polyoxyethylene derivative of Sorbitan mono- 
oleate, obtainable from the Atlas Powder Co., Wilmington, Delaware. 
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Sputum diluted after homogenization: A sample of tuberculous sputum was homo- 
genized by five seconds’ treatment in a Waring Blendor, and two 10 ml. samples were 
withdrawn for treatment respectively with sodium hydroxide and trisodium phos- 


TABLE 1 


Tue Detection or Mycopactertum Tusercu.osis H37Rv Appep To STeRILizep 
Sputum UNTREATED AND AFTER TREATMENT WITH DIFFERENT 
CONCENTRATING AGENTS 


DILUTION OF 
CONCENTRATE. | Guinea Pig Combined 
| 6 to 10 | Result, All 

Weeks Methods 


NaOH, 4%, 30 minutes 
at 37°C. 


Na;PO,-12H.0, 15%, 24 
hours at 37°C. 


l+++ 


Na;PO,- 12H.0, 23%, 24 
hours at 37°C. 


2000 
++ 


Untreated (control) 


ccookaaa 


+ 
+ 
+ 
+ 
+ + 
- + 
+ + 
- + 
+ 
+ 
+ 
+ 
12 


Totals 20 4 


C = contaminated culture. U = colonies uncountable. 
Concentrating agents in the strengths given above were mixed with an equal volume of 


sputum. 
Presumptive viable numbers equal for culture, two mice, and one guinea pig in each 
series. 
Each dilution is considered as equivalent to a separate ‘‘specimen’’ for comparison of 
the three methods. 


phate. Tenfold dilutions of the treated specimens were made, each dilution again 
being regarded as a separate specimen. The same amount of each concentrate was 
used for inoculating Léwenstein medium, one guinea pig, and 2 mice; the combined 
dose for the 2 mice equaling that for the guinea pig. The mice were killed at three 


i 
RESULTS 
| 
Per Dose) 
wo; + + 
10-8 = | | - 
| | 
| | 
| + | 
- a 
10 
| | | 
| 
10" + 
10-* 
- 
10-4 - 
10-5 + 
10-* 
10-7 


GRAY, CLARKE, AND MATTINSON 


weeks, the colonies were counted at four weeks, and the guinea pigs were examined 
at ten weeks to allow ample time for lesions to develop. 


Once again the superiority of animals over culture is evident in table 2. In this 
experiment the mouse test alone failed to detect one “positive” specimen. 


Sputum diluted before homogenization: This was virtually a repetition of Experiment 
2, designed to confirm the trend of results, to overcome any errors which may have 
resulted from clumping of bacilli under treatment, and to approach more closely the 
doses which would be used in practice. It might be argued that the mouse is un- 


TABLE 2 
Tue Derectrion or Tuperciue Bacttur 1n Turercvtous Srputum 
Arter CoNCENTRATION wita NaOH or Na;PO,-12H,0 


DILUTION Ww bi od 
(Number | Guinea Pig | Combin 
Positive for | 10 Weeks 


| 


NaOH, 4%, 1 hour at 
37°C. 


+ 
+- 


| 


NasPO,-12H,0, 23%, 18 
hours at 37°C. 


l+++4++ 


Totals 4 | 


Sputum dilutions regarded as separate ‘‘specimens’’ for diagnosis. 
Total mouse dose (2 mice) equivalent to that used for culture and for guinea pig inocula- 
tion. 


suitable for diagnostic use because of the relatively small dose of concentrate which 
can be tolerated by the intranasal route (0.06 ml.) compared with that tolerated by 
a guinea pig (1 to 2 ml.). In the routine examinations reported above, the total dose 
given to the mice used (2 or 4) was 0.12 to 0.24 ml., while the guinea pigs and culture 
received 0.33 ml. In this experiment, the same ratio was observed, but at the lower 
figure, as only 2 mice were used per “specimen.” Therefore, the guinea pig and the 
culture received 2.75 times the total mouse dose or 5.5 times the individual mouse 
dose. 

After homogenizing the sputum mechanically, tenfold serial dilutions were made in 
albumin water, and several 5 ml. samples of each dilution were treated separately 
with an equal volume of 4 per cent sodium hydroxide for thirty minutes. It was then 
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neutralized, centrifuged, and the supernatant discarded except for the lower 1 ml., 
which was used in the above-mentioned manner. 


The superiority of animal inoculation over cultural methods is again shown 
in table 3. Despite the smaller mouse dose in this experiment, the mouse com- 
pares more than favorably with the guinea pig, detecting all the “‘positive”’ 
specimens found in this group, including one which was “negative” by combined 
culture and guinea pig inoculation. It will be noted, however, that, except 
with the four larger doses, only one mouse in each pair inoculated developed 


TABLE 3 


Derection or Tusercie Bacitur 1n Tusercu.ous Sputum Ditutep Berore 
TREATMENT 4 Per Cent Soptum Hyproxipe 


RESULTS 
| Culture | Mice 
SPUTUM DILUTION SPECIMENS Divert 4 Weeks Fas Guinea Pig | Combined 
| Positive for | 6 Weeks | Methods 
Twuber- | | 
Per Dose) culosis) | | 
1077 | + | @ | +@) + 
b + o | + | + 
10-3 c | ll + (2) + 
- | o | +@ + + 
f - | @ + (1) + + 
g - 0 + (1) + + 
h - 0 ~ 


+ (1) 


12 2 


8 


a 


Samples a-! regarded as separate ‘“‘specimens”’ for diagnosis. 
Total mouse dose (2 mice) approximately one-third that given to guinea pig. 


confirmable lung lesions indicating the random distribution of viable units 
in the diluted samples. The failure of Lowenstein medium to detect small num- 
bers of organisms is clearly demonstrated here. 

When considered collectively, the figures for the various methods merit 
consideration, especially in the light of the careful experiments of Jensen and 
Bindslev (3) and of Holm and Lester (5). The former workers, who based their 
findings on serially diluted sputum samples vigorously shaken with glass beads, 
compared Jensen’s modification of Léwenstein’s medium with guinea pigs 
inoculated by the intraperitoneal route. The latter team tested 20,090 routine 
specimens on the same medium and by combined subcutaneous and intra- 
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peritoneal inoculation of guinea pigs. Both groups of workers found artificial 
culture to be more sensitive than animal inoculation, although the position was 
reversed with bovine strains in the hands of Holm and Lester. 

In table 4, a general comparison is attempted of all the present findings to 
determine the relative accuracy of the different methods. 

As might be anticipated, direct smear was of value only when specimens 
had a large population of acid-fast bacilli. Compared with animal inoculation 
and cultivation, its efficiency was low (39 per cent). When “specimens” consisted 


TABLE 4 
Composire Resvu.ts or Experiments Comparine Direct Smear, CULTURE, AND GUINEA 
Pia anp Mouse ror Derectinc Numpers or TuBERCLE Bact. 
ArrTerR CONCENTRATION OF SPECIMENS 


NUMBER POSITIVE BY 


NATURE OF TEST SPECIMENS | | | | cine | 


EXAMINED | Direct Culture| Mice | Pig 
| Smear 4 Weeks|3 Weeks 


15 | 
| 16 
13 


Routine specimens (Na:PO,) 
Diluted sputum (NaOH, Na;PO,). . 


Sputum and H37Rv (NaOH, NaPO,). .| 


90 
23 
20 


Totals 


Percentage positive. . 


TABLE 5 
ComPaRIsON oF LOWENSTEIN-JENSEN AND Mopiriep MepIa 


AVERAGE NUMBER OF COLONIES (4 WEEKS) 
INOCULUM 
Léwenstein-Jensen Modified Lowenstein 


Sputum (NaOH, 30 minutes) eer: 75 80 
H37Rv (NaOH, 30 minutes) pada 46 45 
H37Rv, Untreated.... 36 46 


of serial dilutions of sputum, animal inoculation gave positive results at dilu- 
tions from tenfold to one thousandfold beyond the last “positive’’ smear. 
Cultural methods yielded only 63 per cent of the total positives and, in the whole 
series, they detected only one specimen which was missed by animal inoculation. 
Taken together, inoculated animals detected 98 per cent of all the “positive” 
specimens (mice, 90 per cent; and guinea pigs, 87 per cent). 

It is difficult to suggest any explanation for the diametrically opposite results 
obtained in these experiments to those mentioned above. However, the findings 
have been remarkably constant and, apart from the possible influence of damage 
to bacterial cells produced by shaking with glass beads and the relatively high 
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nonspecific death rate in guinea pigs reported by Holm and Lester, the media 
appeared to be the only possible source of error. 


Comparison of media: As a deficiency in the cultural methods employed by the 
writers would have invalidated the results obtained, specimens containing acid-fast 
bacilli were diluted and counted on Jensen’s medium and on the modification of 
Léwenstein’s medium used in this laboratory. The specimens consisted of three 
“positive” sputa and a 10-day Tween culture of H37Rv. A portion of the latter acted 
as an untreated control. The rest of this culture and the sputum samples were treated 
with 4 per cent sodium hydroxide for thirty minutes at 37°C. and neutralized. Serial 
dilutions were made for counting on the two media in quadruplicate. Colonies were 
counted after three, four, and six weeks at 37°C. 


Two of the sputum concentrates were contaminated and, therefore, the 
results are confined to the two H37Rv “specimens” and one sputum. Reference 
to table 5 indicates that these two media are not significantly different in their 
ability to support the growth of small numbers of tubercle bacilli. Hence, the 
difference between the results of the writers and those of Jensen and Bindslev 
are not attributable to differences in the media used. 


DISCUSSION 


These attempts to duplicate at the diagnostic level the writers’ previous 
demonstration of the superiority of mice and guinea pigs over cultural methods 
in detecting small numbers of tubercle bacilli have led to several interesting 
observations concerning the relative merits of the different methods. A quan- 
titative comparison has been attempted using specimens which contained small 
numbers of viable bacilli so that, although the number of positive results is not 
large, the comparison is highly critical. 

Only a proportion of the results refers to single routine clinical specimens, 
for, to avoid undue delay in accumulating the necessaz » evidence, serial dilutions 
of tuberculous sputum have been used to obtain a high proportion of ‘‘specimens”’ 
of the borderline type with which these studies are most closely concerned. 
This approach was made because it was believed that much of the available 
highly contradictory evidence, based, as it usually is, on clinical specimens of 
unknown bacterial content, is difficult to interpret. 

In the first place, no evidence has been found to support the suggestion 
of Jensen and Bindslev (3) that large numbers of tubercle bacilli in sputum 
are selectively damaged in the human host to the extent that they may lose 
their infectivity for guinea pigs and yet be capable of growth on artificial media. 
In experiments to be reported later, it was found that the lethal action of any 
concentrating agent on tubercle bacilli is of the same order, regardless of whether 
the bacilli are obtained from sputum, where they would have been exposed to 
“selective damage” in the human host, or from cultures grown in artificial 
media, where any such influence would be inoperative. It is considered, therefore, 
that any damage which occurs to the organisms is either of a physical or chemical 
nature associated with homogenization, and the writers have failed to find 
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that such damage selectively favors cultural processes. On the contrary, it will 
be seen that, with one exception (NaOH in table 1), mice and/or guinea pigs 
developed tuberculous lesions at dilutions tenfold or occasionally one hundred- 
fold greater than those yielding a positive culture. Furthermore, there has been 
no indication that any of twenty-four separate strains of M. tuberculosis finally 
isolated from specimens in these experiments differed initially in virulence for 
animals from each other or from strain 1/37Rv. In other words, these observations 
have supported Lange’s belief (6) in the extremely high infectivity of tubercle 
bacilli for guinea pigs. 

The “not inconsiderable degree of natural resistance (of guinea pigs to tuber- 
culosis) which naturally asserts itself preferably with regard to tubercle bacilli 
that have been most injured in the human organism,” postulated by Jensen 
and Bindslev to explain their results, has not been apparent in the strain of 
guinea pigs used in these experiments. It should be noted in this respect, how- 
ever, that no case of naturally occurring tuberculosis has been detected in this 
strain, at least during the past eight years. It may be regarded, therefore, as a 
fully susceptible population with neither inherent nor acquired resistance to 
tuberculosis. 

The primary object of the present study was to determine the possibility of 
replacing the guinea pig in diagnosis with a highly susceptible strain of mice 
(C57 black) inoculated intranasally and held on a reduced diet. It is shown 
in table 4 that, under the conditions observed, the mouse is as susceptible to 
infection (90 per cent) as is the guinea pig (87 per cent). The observed differences 
between these two animals are not regular (tables 1 to 3) and are therefore 
considered to be referable to sampling effects in specimens containing very small 
numbers of tubercle bacilli rather than to difference in species susceptibility. 
This is also supported by the failure of one mouse in each of several pairs used 
(table 3) to develop infection when borderline specimens were inoculated. 

The essential differences observed between the mouse and guinea pig are 
in the speed of development of recognizable tubercles and in the ease of detection 
of acid-fast bacilli in the mouse lung lesions. As previously reported with pure 
cultures, specimens containing more than a few hundred viable organisms cause 
the formation of extensive characteristic grayish gelatinous tubercles in the lung 
within three weeks. As the viable bacilli are decreased, the number of tubercles 
diminishes. In some cases, only one tubercle may be found. Their tuberculous 
nature is readily confirmed by direct smears of crushed lesions examined by 
fluorescence microscopy. 

With only one specimen in the present series, and that a specimen negative for 
M. tuberculosis in cultural and guinea pig tests, did a direct smear of the incised 
mouse lesion fail to detect tubercle bacilli which were later detected in a section 
of the lung examined by fluorescence microscopy. This is one of the important 
advantages of the mouse over the guinea pig, for it is well known that the 
detection of tubercle bacilli in smears or sections in guinea pig lesions is not 
always a simple matter. This is especially so when minimal lesions are present. 
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One very real disadvantage of the C57 black mouse in diagnosis is evident, 

however. This is the tendency for nonspecific lesions to develop following the 
introduction of foreign material into the lower respiratory tract. The possibility 
has already been noted of latent Pasteurella pneumotropica infection lighting up 
in mice inoculated intranasally with pure cultures (1). The same problem 
arose in the early stages of these tests, so that it became necessary to plate onto 
blood agar each lung showing macroscopic lesions in order to detect the presence 
of this organism. The elimination of P. pneumotropica from the local mouse 
colony by chemotherapy has apparently been successfully accomplished (7), 
but nonspecific lesions, bacteriologically sterile and often closely resembling 
tuberculosis, have continued to appear. It is now clear that lesions of this type 
may occur in up to 50 per cent of mice inoculated with autoclaved sputum alone 
or with autoclaved sputum treated with sodium hydroxide, trisodium phosphate, 
or sulfuric acid. Whether they are due to mechanical injury or to an exacerbation 
of latent viral infection is not certain. To overcome this difficulty in practice, it 
is necessary to examine all macroscopically suspicious lesions by smear (and, 
if “negative,” by section). Although some time may be wasted on ‘“‘negative”’ 
specimens, the actual saving of time made possible by substituting the mouse 
for the guinea pig is considered to compensate amply for any additional work 
involved. 

An apparent disadvantage of the mouse, namely, the small volume tolerated 
by intranasal inoculation compared with that which can be given to a guinea 
pig, does not appear to be very important in practice. Using on the average 2 
mice to each guinea pig (table 3), the latter received two or three times as much 
concentrate as both mice together. If there is any difference in the results be- 
tween the two species under these conditions, then the advantage lies with the 
mouse. 

The minimal safe period required to establish the presence of tubercle bacilli 
in a specimen by guinea pig inoculation is approximately four weeks, when, 
following a very large dose of organisms, the animals may be killed by a tuberculin 
shock or be shown to be suffering from progressive tuberculosis at autopsy. 
The writers have found that, with very small doses, lesions are either undetectable 
in guinea pigs macroscopically or have not progressed beyond the original focus 
at four weeks and that tuberculin sensitivity is unreliable at this stage of infec- 
tion. Therefore, it is not possible in such cases to arrive at a diagnosis within, 
at the earliest, six to eight weeks. Thus, it would seem that the mouse has a 
potential usefulness as a medium for rapid virulence tests, giving an answer 
in two weeks with large doses or in three weeks when smaller numbers of bacilli 
occur in the specimen. 

It is suggested that 4 mice be inoculated and 2 sacrificed at two weeks (tuber- 
culin testing is of no value). If these prove “negative,” the remaining pair may be 
killed at three weeks with every expectation of positive results even if viable 
tubercle bacilli were present in very small numbers in the original specimen. 
It is of interest to note the relative merits of the mouse test alone and the 
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combined results of culture and guinea pig inoculation. Figures from the above 
experiments are as follows: 


Specimens positive for M. tuberculosis by culture and guinea pig: negative by 
mouse = 7. 
Specimens positive for M. tuberculosis by mouse: negative by culture and guinea 


pig = 6. 


In conclusion, although many laboratories tend to rely on cultures alone, 
it has been the writers’ experience that animal inoculation is more sensitive 
than culture, especially when only small numbers of viable tubercle bacilli 
are present. Moreover, animal inoculation should always be performed on 
urines and gastric contents, as these frequently contain nonpathogenic acid- 
fast bacilli. Serious consideration should be given to this before accepting 
without reserve the statement of Holm and Lester (5) that expert cultural 
methods surpass all other means of demonstrating small numbers of tubercle 
bacilli in routine pathologic specimens. 


SUMMARY 


Quantitative experiments have shown that both C57 black mice, inoculated 
intranasally, and guinea pigs, inoculated intramuscularly, are more reliable than 
cultural methods for detecting small numbers of tubercle bacilli in clinical 
material containing minimal numbers of tubercle bacilli treated with NaOH 


or NasPO,-12H,0. This confirms previous results with untreated pure cultures. 
With sputum which contains large numbers of bacilli, culture alone is adequate. 

The possibility of replacing the guinea pig with the mouse as a diagnostic 
animal is discussed. The advantage of the mouse lies in economy, the speed of 
development of detectable lesions (two to three weeks), and the ease of bac- 
teriologic confirmation. There is, however, a marked tendency to develop non- 
specific lung lesions, which must be examined microscopically to exclude tuber- 
culosis. 

It is believed that the mouse may prove a useful animal for rapid virulence 
tests, especially for urines or fasting gastric contents (where culture contamina- 
tion is high) and, despite the tendency to develop nonspecific lesions, for routine 
diagnosis. 


SUMARIO 


Descubrimiento de Pequetias Cantidades de Bacilos Tuberculosos en Ejemplares 
Tratados: Comparacién de los Ratones, los Cobayos y los Medios Artificiales 


Experimentos cuantitativos han demostrado que tanto los ratones negros C57, ino- 
culados intranasalmente, como los cobayos, inoculados intramuscularmente, resultan mds 
dignos de confianza que las técnicas de cultivo para descubrir bacilos tuberculosos en 
ejemplares clinicos que contienen cantidades minimas de dichos bacilos tratados con 
NaOH o Na;PO,-12H,0. Esto confirma los resultados obtenidos anteriormente con culti- 
vos puros no tratados. En el esputo que contiene grandes cantidades de bacilos, el cultivo 
resulta adecuado por si solo 
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Discdtese la posibilidad de usar el ratén en vez del cobayo como animal de diagndstico. 
La ventaja del ratén estriba en ser mds econémico, més r4pida la aparicién de lesiones ob- 
servables (dos a tres semanas) y ser més facil la confirmacién bacteriolégica. Ese animal 
muestra, sin embargo, una tendencia notable a la produccién de lesiones pulmonares ines- 
pecificas, que tienen que ser estudiadas al microscopio para excluir la tuberculosis. 
Parece que el ratén puede resultar ser un animal Gtil para r4pidas pruebas de virulen- 
cia, sobre todo para ejemplares de orina o de contenido géstrico en ayunas (en los que la 
contaminacién de los cultivos es elevada) y, a pesar de la tendencia a la aparicién de le- 
siones inespecificas, para el diagnéstico corriente. 


RESUME 


Détection de faibles quantités de bacilles tuberculeux dans les spécimens ayant 
subi un traitement: Etude comparative (souris, cobayes, milieux artificiels) 


Des expériences quantitatives ont montré que |’inoculation, intra-nasale chez la souris 
et intramusculaire chez le cobaye, est plus sre que les procédés de culture pour déceler 
de faibles quantités de bacilles de Koch dans les spécimens cliniques renfermant une quan- 
tité minimime de bacilles tuberculeux traités par NaOH ou par Na;PO,-12H,0. Ceci con- 
firme les résultats précédents obtenus avec des cultures pures. Lorsqu’il s’agit de crachats 
renfermant une grande quantité de bacilles tuberculeux, la culture seule est suffisante. 

La possibilité de remplacer le cobaye par la souris comme animal de diagnostic est 
examinée. L’utilisation de la souris offre l’avantage de |’économie, de la rapidité du dé- 
veloppement de lésions décelables (deux A trois semaines) et de la facilité de la confirma- 
tion bactériologique. Il y a toutefois une tendance marquée au développement de lésions 
pulmonaires non spécifiques, qui réclament |’examen bactériologique pour exclure la tu- 
berculose. 

Les auteurs sont d’avis que la souris peut étre un animal utile pour les tests rapides 
relatifs & la virulence, surtout pour l’urine ou les liquides de lavage gastrique (dont le 
degré de contamination est élevé), et également comme procédé habituel de diagnostic, 
malgré cette tendance au développement de lésions non spécifiques. 
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ON THE QUANTITATIVE EVALUATION OF THE ACTIVITY 
OF ANTITUBERCULOUS DRUGS IN EXPERIMENTAL 
MOUSE TUBERCULOSIS! 
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INTRODUCTION 


Among the methods for in vivo evaluation of the activity of antituberculous 
drugs, the intravenous infection of mice is being used more and more (1-4). This 
method is preferred because of the rapidity of its results and because it allows 
fairly good accuracy, especially when different drugs have to be compared, by 
reason of the relatively large number of animals which can be used. 

The evaluation of results is usually made by three procedures (5): calculation 
of the mean survival time (Ts0), estimation of the lung lesions, and variations in 
the weight curve. 

The Ts determination has the advantage of being based on absolutely objec- 
tive data, such as the mortality percentage on the different days which is easily 
calculated. Quantitative appraisal of variations in the weight curve is more 
difficult because, during the course of the experiment, not only the weight but 
also the number of animals varies, owing to the intervening deaths. Estimation 
of the intensity of pulmonary lesions would be the most direct means of evalua- 
tion. However, it has been used until now only as a qualitative complement of 
the other, more objective, methods. 

The Tse determination is considered by many authors as a completely satisfac- 
tory and adequate instrument (6). In effect, very good results have been obtained 
by this method. It may be observed, however, that it is based on evaluation of 
percentages and not of individual quantitative data; moreover, it may be biased 
by the toxicity of the drug itself. The last objection is also valid but to a higher 
degree, in so far as the weight curve is concerned, because it is the first to be 
affected by toxic factors. 

The most specific means of evaluation is undoubtedly the intensity of the pul- 
monary lesions because it is relatively less dependent on factors not correlated 
with the infection or with the action of drugs on the infection itself. The pure 
subjective character of this method has always prevented its extensive use. The 
purpose of the present report is to propose a method for the quantitative evalua- 
tion of pulmonary lesions, thus allowing potency comparisons between different 
antituberculous drugs. 

During the course of experimental tuberculosis in mice, an enlargement and 
increase in weight of lungs were observed (1). The weight of the spleen also shows 
important variations, but these are very irregular. Furthermore, it may be noted 
that lungs are selectively affected in experimental mouse tuberculosis. 


' From the Laboratorio di Microbiologia, Istituto ‘“‘Carlo Erba’’ per Ricerche Tera- 
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During a series of experiments for testing antituberculous activity in vivo of 
some isoniazid derivatives (7,8), the enlargement of lungs seemed to be corre- 
lated directly with the intensity of lesions and, inversely, with the drug dosage. 
Therefore, comparison was first made between the dry weight of healthy lungs 
and of lungs of infected and untreated animals. The intensity of lesions, sub- 
jectively evaluated by a different number of pluses (from 0 to 5 plus) was then 
checked by the dry weight of the same organs. As the agreement between sub- 
jective estimation and objective evaluation was good, experiments were made 
in order to test whether the weight differences in lungs of animals treated with 
different amounts of active drugs could be used for a quantitative determination 
of their potency. 


EXPERIMENTAL 


Albino mice which weighed 17 plus or minus 1.5 gm. were used. Lots of 20 animals were 
prepared, and care was taken to have a corresponding distribution of weights in the differ- 
ent groups. Ten males and 10 females were present in each group. The animals were dis- 
tributed in numbers of 10 for each cage and kept in a room at a constant temperature 
(24°C.). All of the animals were given a diet with the following composition: corn meal, 
52 per cent; maize meal, 17 per cent; casein, 15 per cent; corn bran, 5 per cent; dry yeast, 
5 per cent; salt mixture of Osborne and Mendel, 4 per cent; cod-liver oil, 2 per cent. To 
every 100 gm. of diet, 2 gm. of wheat-germ oil were added. 

The infection was produced by intravenous injection of 0.2 mg. (wet weight) of M. 
tuberculosis H37Rv, taken from a fifteen-day-old culture in Youmans’ modification of 
Proskauer and Beck’s medium (5), suspended in 0.2 ml. of sterile saline. The suspension 
density was always determined and adjusted turbidimetrically on a Coleman spectropho- 
tometer at 650 my. 

As soon as possible after death, the thorax and abdomen of the animals were opened 
wide and the carcasses were then kept in 10 per cent formol. When all of the control ani- 
mals had died, usually thirty to thirty-four days after infection, all of the sur- 
viving treated mice were killed by ether; their abdomens and chests were opened and were 
also immersed in formol for eight days. Following this, they were thoroughly washed 
under running water, the lungs were carefully isolated from heart and vessels, dried by 
squeezing between two sheets of filter paper, and placed in a desiccator over calcium chlo- 
ride until reaching constant weight. Final weights were then recorded and used for cal- 
culations. 


RESULTS 


Comparison between healthy and infected animals: Two groups of 20 animals 
were infected as described above, and a corresponding number of mice were used 
as controls. At the end of the experiment, 37 animals for each group could be 
used for calculation. Results and calculation of significance are summarized in 
table 1. 

As may be seen from the table, the difference between the weights of lungs of 
normal and infected animals is highly significant. 

Experiments with treated animals: The drugs were administered to the treated 
animals uniformly dispersed in the diet. In view of the fact that previous experi- 
ments showed the diet intake of mice in twenty-four hours to be equivalent to 
approximately one-tenth of body weight, the amount of drug per 100 gm. of diet 
was considered as the amount administered per kg. 
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Three drugs were studied, namely, isoniazid; isoniazid methanesulfonate, cal- 
cium salt; and isoniazid parabenzaldehyde. The amounts of the different drugs 
added to 100 gm. of diet, calculated from their isoniazid content, were as follows: 


Isoniazid: 1.25 mg.-2.5 mg.-5.0 mg. 
Isoniazid methanesulfonate: 0.75 mg.-1.5 mg.-3.0 mg. 
Isoniazid parabenzaldehyde: 2.5 mg.-5.0 mg. 


The action of isoniazid was taken as a standard and the effect of the other 
drugs compared with it. The results obtained and statistical treatment of data 
are summarized in tables 2, 3, 4, and 5. 


TABLE 1 
Comparison Between tue Luna Dry Weiouts or Norma anv Inrectep Mice 
CALCULATION OF SIGNIFICANCE OF THE DIFFERENCE 


TREATMENT SUM OF SQUARES 


Normal 37 , 1,184.25 
Infected K 75,405.25 


Sum = 72 Difference = 130 Sum = 76,589.5 


t= 176 P < 0.001 


TABLE 2 


Comparison or THE Errect or Dirrerent Dosaces or Isontazip AND IsoNntazip 
METHANESULFONATE ON THE Weitcut or Lunes or Mice Inrectrep 
with M. Tuspercutosis H37Rv 


DRUGS ISONIAZID ISONIAZID METHANESULFONATE 


Dosage mg. per 100 gm. of diet. 1.25 2.5 5.0 0.75) 1.5 3.0 
Number of mice 19 19 20 19 20 20 
Mean lung weight (mg.) 183.1 99.8 51.2 158.5 97 .85 45.25 


As will be seen in tables 3 and 5, the differences relating to “dosage’’ are sig- 
nificant, whereas those of “‘parallelism,’”’ “combined curvature,” and ‘‘opposite 
curvature” are not. Calculation of the relative potency of two drugs is therefore 
possible, provided a suitable dosage is used. 

If too small or large doses are administered, the effects obtained are not pro- 
portional to the amount of the drug and the potency evaluation is no longer 
valid. 

When the dosage conditions which allow a linear regression are satisfied, cal- 
culation of the relative potencies of two drugs may be made on the basis of the 
usual formula: 


Re=I M = antilog R 


f 

; 


DRUG ACTIVITY IN MOUSE TUBERCULOSIS 


Where J is the logarithm of the ratio between the dosage for adjacent groups 
of either preparation, D is the difference between the total response (weights) 
of all the test groups and the total response (weights) of all the standard groups, 


TABLE 3 
SratistTicaL TREATMENT OF Data ReportTEeD ON TABLE 2 


SOURCES OF sum oF 
VARIATIONS Df. squanss MEAN SQUARE F P 


Substances 1 4,118.4 2.1055 02>P>0.1 


4,118.4 
Dosage vans 1 294,031.2 294,031 150.291 P < 0.001 
Parallelism 1 2,268.5 2,268.5 1.159 | Not signifi- 


cant 


Combined curvature... 1 2,680.0 2,680.0 1.369 | Not signifi- 
cant 


1,430.8 Not signifi- 


cant 


1,430.8 


Opposite curvature 


Error 217, 165.1 1,956.4 


Total 


521,694.0 


TABLE 4 
CoMPARISON oF THE Errect or Dirrerent Dosages or Isontazip AND ISONIAZID 
PARABENZALDEHYDE ON THE or Lunes oF Mice Inrecrep 
wits M. Tusercu.osis H37Rv 


ISONIAZID ISONTAZID PARABENZALDEHYDE 


DRUGS 


Dosage mg. per 100 gm. of diet. 1.25 2.5 2.5 5.0 


19 19 20 


Number of mice 


Mean lung weight (mg.) 183.1 99.8 170.25 64.8 


TABLE 5 
SratistTicaL TREATMENT OF Data Reportep TABLe 4 


SOURCES OF Df 


VARIATIONS SUM OF SQUARES MEAN SQUARE F P 


Substances 11,448.0 11,448.0 5.295 0.05 >P> 0.01 
Dosage 1 178, 132.0 178,132.0 82.392 P < 0.001 
Parallelism 1 2,453.0 2,453.0 1.134 Not significant 
Error 157 ,829.0 2,162.0 

Total 6 349, 862.0 


and B is the difference between the total response (weights) of the groups with 
the highest dosage (test and standaid) and of the groups with the lowest dosage 
(test and standard). 
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For the comparison between isoniazid and isoniazid methanesulfonate, where 
isoniazid is taken as a standard: 


R = 0.04361 
antilog R = M = 1.1056 


M indicates the potency ratio for the dosage actually used in the experiment. 
In order to calculate the relative potency of the two drugs, this must be multi- 
plied by the ratio of the dosage for the two drugs. In the present case, since the 
ratio isoniazid /isoniazid-methanesulfonate is 5:3, the potency of isoniazid 
methanesulfonate in comparison to isoniazid is: 


P = 1.1056-5:3 = 1.84 


thus, in the experiment under consideration, isoniazid methanesulfonate ap- 
pears to be 1.84 times as potent as isoniazid. Considering now the relationship 
between isoniazid and isoniazid parabenzaldehyde, the following result is ob- 
tained: 


R = 0.07631 
antilog R = M = 1.192 isoniazid /isoniazid parabenzaldehyde = 1:2 
P = 1,192-1:2 = 0.596 


Therefore, isoniazid parabenzaldehyde is 0.596 times as potent as isoniazid. 


COMMENT 


There is a very great difference between the weights of lungs of healthy mice 
and mice of the same age infected intravenously by virulent M. tuberculosis. The 
lungs of the latter are very much enlarged and increased in weight. When in- 
fected animals are given antituberculous drugs, a decrease in lung weight parallel 
to a decrease in the number of lesions, subjectively estimated and proportional 
to the dosage administered, may be observed and evaluated quantitatively. The 
relationship between dosage and lung-weight decrease is linear within the range 
of effectiveness of the drug under examination; that is, over a maximum given 
dosage, no additional effects may be obtained; and, under a minimum given 
dosage, none can be detected. A quantitative evaluation of the relative potencies 
of different drugs may be made within this range. In order to obtain constant 
results, the experimental conditions must be very carefully controlled. 

Some isoniazid derivatives were compared in these experiments, and isoniazid 
methanesulfonate showed a higher activity than isoniazid itself. In order to learn 
the reason for this very interesting phenomenon, a detailed study was made on 
the metabolism of both compounds (8). The interest aroused by the high in 
vivo activity of isoniazid methanesulfonate has been increased by its low toxicity 
(7). 

As mentioned before, the method for evaluating antituberculous activity 
shown here seems to offer some advantages in comparison with the determination 
of Tso because of its more pronounced specificity and because it does not utilize 
percentages but individual numerical data. Like Tso, it is completely objective 
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and permits quantitative evaluation of a phenomenon which has been appraised 
only subjectively until now. 


SUMMARY 


A sharp increase in lung-weight is observed during experimental tuberculosis 
in mice infected intravenously. This phenomenon is counteracted by the adminis- 
tration of antituberculous drugs; within certain limits, the action of these is 
directly proportional to the dosage used. 

A method for the quantitative evaluation of antituberculous activity has been 
described and statistically elaborated on this basis. 

Isoniazid and two of its derivatives were submitted to this test and showed 
significant differences in activity as compared with the parent substance; in fact, 
isoniazid methanesulfonate is more active, and isoniazid parabenzaldehyde less 
active, than isoniazid. 


SUMARIO 


De la Justipreciacién Cuantitativa de la Actividad de las Drogas Antituberculosas 
en la Tuberculosis Murina Experimental 


Durante la infeccién tuberculosa experimental por via intravenosa en los ratones ob- 
sérvase un aumento decidido del peso del pulmén. Ese fenémeno es contrarrestado por la 
administracién de medicamentos antituberculosos, cuya accién, dentro de ciertos limites, 
se halla en proporcién directa a la dosis usada. 

Partiendo de esa base, se describe y elabora estad{sticamente un método para la justi- 
preciacién cuantitativa de la actividad antituberculosa. 

La isoniacida y dos de sus derivados fueron sometidos a esa prueba, revelando los dlti- 
mos diferencias importantes en su actividad, comparada con la de la substancia matriz; 
en efecto, el metansulfonato de la hidracida del &cido isonicot{nico es mas, y el paraben- 
zaldehido de la hidracida del Acido isonicotinico menos, activo que la isoniacida. 


RESUME 


De Vévaluation quantitative de Vactivité des préparations antituberculeuses sur 
la tuberculose expérimentale de la souris 


Un net accroissement du poids du poumon est observé au cours de |’infection tubercu- 
leuse intraveineuse expérimentale de la souris. Ce phénoméne est combattu par l’admi- 
nistration de produits antituberculeux; l’action de ces préparations est, dans certaines 
limites, directement proportionnelle aux doses utilisées. 

L’auteur décrit une méthode permettant |’évaluation quantitative de l’activité anti- 
tuberculeuse et une statistique fondée sur cette base est présentée. 

L’isoniazide et deux de ses dérivés ont été soumis A ce test qui a permis d’observer des 
différences d’activité appréciables du point de vue statistique, par comparaison avec la 
substance originale. En fait, l"hydrazide métansulfonate de l’acide nicotinique est plus 
active et l’hydrazide parabenzaldéhyde de |’acide isonicotinique moins active que |’iso- 


niazide. 


Acknowledgment 


The writer wishes to thank Dr. A. Cresseri very much for his extremely valuable as- 
sistance in the statistical treatment of data, and Miss Emma Berti and Mr. Franco Borghi 
for their collaboration throughout the entire experimental procedure. 


| 
7 
| 
a 


110 GIOVANNI CERIOTTI 


REFERENCES 

(1) Raveren, G. W., anv Youmans, G. P.: The use of mice in experimental chemotherapy 
of tuberculosis, J. Infect. Dis., 1948, 82, 197. 

(2) McKee, C. M., Rake, G., Donovick, R., anp Jampor, W. P.: The use of the mouse in 
a standardized test for antituberculous activity of compounds of natural or syn- 
thetic origin: I. Choice and standardization of culture, Am. Rev. Tuberc., 1949, 
60, 9. 

(3) Donovicx, R., McKee, C. M., Jampor, W. P., anp Rake, G.: The use of the mouse 
in a standardized test for antituberculous activity of compounds of natural or 
synthetic origin: II. Choice of mouse strain, Am. Rev. Tuberc., 1949, 60, 109. 

(4) Rake, G., Jampor, W. P., McKee, C.M., Pansy, F., F. Y., anp Donovicx, 
R.: The use of the mouse in a standardized test for antituberculous activity of 
compounds of natural or synthetic origin: III]. The standardized test, Am. Rev. 
Tuberc., 1949, 60, 121. 

(5) American Trupeau Society: Report of the Laboratory Subcommittee of the Com- 
mittee on Medical Research and Therapy, and of the Subcommittee on Evalua- 
tion of Laboratory Procedures of the Committee on Revision of Diagnostic 
Standards, Am. Rev. Tuberc., 1950, 61, 274. 

(6) Matone, L., Scnurr, A., Linpa, H., McKenzie, D., Kiser, J. 8., 
J. H.: The effect of pyrazinamide (Aldinamide) on experimental tuberculosis in 
mice, Am. Rev. Tuberc., 1952, 65, 511. 

(7) Centortt, G., ano Francescuini, J.: Dati biologici e microbiologici su un nuovo 
derivato della idrazide dell’acido isonicotinico a bassa tossicita e ad alta attivita 
(Metansulfonato dell’idrazide isonicotinica), Arch. Internat. de Pharmacody- 
namie et de Thérapie, 1953, 93, 105. 

(8) Cerntort:, G., Derrancescnt, A., pe Carneri, I., ZamBont, V.: A comparative 
study on the metabolism of the isonicotinic acid hydrazide and of isonicotiny]- 


hydrosinomethanesulfonic acid in the rat, Brit. J. Pharmacol., 1953, 8, 356. 


4 
: 
ri 


Case Reports 


PULMONARY CAVITATION DUE TO HISTOPLASMA CAPSULATUM' * 
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INTRODUCTION 


In making a definitive diagnosis of tuberculosis, it is necessary to find the tubercle 
bacillus in the sputum or to isolate the organism from body fluids by culture or animal 
inoculation. Likewise, the diagnosis of histoplasmosis can be established only by demon 
strating the fungus in a smear, section, or in isolation by culture. In only a relatively 
small percentage of suspected pulmonary cases is it possible to demonstrate the organism 
before death. Charr reports that the longest survival after a diagnosis of clinical histoplas 
mosis has been made is approximately two years (1) but, according to Hodgson, Weed, 
and Clagett, one patient survived more than five vears and two others were appar 
ently cured after four years (2) 

In the case herein reported the patient is still alive almost three years following the 
recovery of Histoplasma capsulatum in culture from the sputum and four years after the 


onset of symptoms 


CASE REPORT 


J.-A. Mek., a 52-vear-old white male, was first seen in the tuberculosis clinie on October 
11, 1949, when he came for a chest roentgenogram because of pain in his chest. He was 
born in Meriwether County, Georgia, lived in Texas for three years during childhood, and 
had lived in Columbus, Georgia, for five years immediately preceding his present illness 
He gave no history of tuberculous contact, and his family and past history were noncon 
tributory. He worked as a laborer on a pipe line in Macon, Georgia, for two years before 
coming to Columbus and had been a barroom attendant in Phenix City, Alabama, a border 
ing town, prior to admission to the clinic 

His initial chest film was read as far advanced pulmonary tuberculosis with bilateral 
cavitation. He was recalled on October 21, 1949, for an interview. His chief complaint at 
this time was pain of one month's duration in the upper chest region, hoarseness for two 
weeks, and production of blood-streaked sputum. Sputum was negative on direct examina 
tion and culture for tubercle bacilli on October 24 and 25, 1949. Sputum cultures for fungi 
were negative on November 5, 1949, and January 5, 1950. Skin tests with purified protein 
derivative (PPD) were negative in first strength and weakly positive in second strength 
Histoplasmin, | to 1,000 dilution, was weakly positive, while blastomyein and coccidioidin 
reactions were negative 

Roentgenograms of the chest on November 9 and December 30, 1949, showed no change 
in the size of the eavities although there was some increased peribronchial infiltration in 
the upper halves of both lung fields 

The patient was sent to University Hospital Atlanta Creorgia, for bronchoscopy 


on January 23, 1950, which revealed a diffuse tracheobronchial infection and searring of 
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the voeal cords. Laryngeal biopsy was said to show tuberculosis. All sputum specimens 


repeatedly negative for tuberele bacilli on direct 


and bronchial washings were, however 
examination and culture. The tubereulin reaction (PPD, first strength) was read as positive 


Application was made to Battey State Tuberculosis Hospital Roentgenograms made on 


March 11, 1950, showed no change in the chest condition 

The patient was admitted to Battey State Hospital in Rome, Georgia, on Mareh 2s, 
1050. His chief complaints were hoarseness and progressive loss of voice for the preceding 
six months, pain in the chest anteriorly and cough with seanty, mucoid, blood streaked 
sputum. He had lost 17 pounds since his first clinie visit. Physical examination revealed a 
108 pound white male who had dyspnea, larvngeal wheeze, and inability to speak above a 
hoarse whisper. Moderate congestion of the tonsillar and postenor pharyngeal regions 
redness of the laryngeal structures, and ulceration of the epiglottis were noted. The trachea 
was deviated to the mght, movement was impaired over the upper right chest anteriorly 


and posteriorly, and resonance was slightly impaired over the upper portions of the chest 


Fie. 1. Roentgenogram ot the chest. Note massive cavities in both upper lung fields, 


with considerable peribronchial infiltration Film taken on December 30, 1949 


Kronig’s isthmus was narrowed on the right. The heart was normal and blood pressure was 


100 svstolic, 70 diastolic. The pulse was 90 per minute There was moderate clubbing of 
the fingers and toes. Postertor cervieal and axillary lymph nodes were palpable 


Laboratory data included a negative serologic test for syphilis (Kahn), hemogram, 


urinalysis, and stool examination for blood. The sedimentation rate was 20 mm. per hour 


The sputum was repeatedly negative for tubercle bacilli on direct examination, eulture, 


and guinea pig inoculation 

Direct larvngoseopy showed edema of the arvtenoids and false voeal cords. The vocal 
cords were not visualized, due to extensive edema. Fluoroscopy and roentgenograms 
showed ne change from the condition previously seen 

The patient received 0.5 gm. of streptomyern intramuscularly daily from Mareh 30 to 
May 16, 1950, when he left the hospital against advice. At this time his diagnosis was pul 


monary tuberculosis, tar idvaneed, and tuberculous laryngitis He was considered to be 


unimproved 
Hle was seen again in the clinie at Columbus on August 17. 1950. Chest films on this date 


and on October 10, 1950 showed no remarkable changes 
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Sputum which was inoculated onto beef infusion blood agar on August 22, 1950, grew a 
small cerebriform brick-red colony. This was transferred to Sabouraud’s medium and in 


cubated at room temperature Ty pical white cottony colonies developed, from which were 


Fic. 2. Roentgenogram of chest taken March 3, 1953. There is little change in the appear 
ance of the lung fields over a 38-month period 


Fic. 3. Photomicrograph of parasitized mononuclear cell from sputum on direet smear 
characteristic of Histoplasma capsulatum Wright's stain 


demonstrated the diagnostic large tuberculate chlamydospores of Histoplasma capsulatum 
Other cultures on September 20 and 22, 1950, were positive for histoplasma Subsequently 
after diligent search, parasitized mononuclear cells were seen on sputum smears stained 
with Wright's stain 
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The patient was still quite hoarse and went to Atlanta, Georgia, to a private clinic on 
October 2, 1950, where a tracheotomy was performed and a tracheotomy tube left in the 
opening He had considerable relief after the operation His laryngeal symptoms had dis 
appeared when he was seen in December, 1950. and he had gained 11 pounds. At this time 
a complement fixation for histoplasma was positive in dilution 1:32. Bone marrow biopsy 
from the crest of the ilium taken on December 11, 1950, was negative for histoplasma 

He returned to Atlanta in July, 1951, and the tracheotomy tube was removed. Roent 
genograms were taken at intervals until March 4, 1953. Examination at this time showed a 
«mall sinus tract in the tracheotomy wound, but the patient had no difficulty in speaking 
His roentgenograms since July, 1951 have remained essentially unchanged, although slight 
decrease in the size of the cavities was thought to have occurred. Sputum on March 4, 1955, 
was still positive for Histoplasma capsulatum on culture and direct smear. Culture for 
tubercle bacilli was negative. His weight has remained between 111 and 119 pounds 

The patient received no definitive treatment for his condition other than tracheotomy 
and a course of streptomycin while at Battey Hospital, following whieh he showed no 


improvement. He is still living and is ambulatory. He is unemployed at present 


COMMENT 


There is no characteristic roentgenographic appearance of the lesions of pulmonary 
histoplasmosis. Heretofore only four cases have been reported with pulmonary cavitation 
(1. 2). and the cavitation may not have been due solely to histoplasmosis in at least two 
of the four cases. Thus pulmonary cavitation Is a& rare phenomenon in this disease A 
negative histoplasmin skin test does not preclude the presence of histoplasmosis 

As evidence against this patient's having concurrent tuberculosis there were at least 
six smears and cultures which were negative for tubercle bacilli, no improvement with 
streptomycin therapy, and the tact that the pathologie appearance of the various granu 
lomata are quite similar to that of histoplasmosis (3) 

Until the present, no proved ease of histoplasmosis has been reported from Georgia, 
although 139 cases were reported by Hodgson, Weed and Clagett in 1950 (4), and ap 


proximately 42 cases were reported since from twenty-four states, the District of Columbia, 


and eighteen foreign countries. Long and Stearns have described an area of the United 
States in which pulmonary calcifications occurred most frequently (5). This area included 
the northwest corner of Georgia. Palmer, in his classie paper, demonstrated that in those 
states in which the rate of pulmonary calcification 1s high the reactions to histoplasmin 
are also high, histoplasmosis probably being the underlying cause of a considerable portion 
of the calcifications noted (6) 

The epidemiology of histoplasmosis ts still unknown for the most part although animals 
have long been known to be infected, and Emmons has isolated the fungus from the soil 
near the entrance to burrows of infeeted rats (7). A variety of animals have been found 
to be infected with Histoplasma capsulatum (S) It is quite possible that animal-to-man 
infection with histoplasma may occur, as it does in Q fever and brucellosis, or it may he 
spread, as in coceidioidomycosis, as an animal-to soil-to-man infection 

In support of the last-named hy pothesis, Grayston and Furcolow have reported a series 
of epidemics of histoplasmosis in which the infections oecurred through the inhalation of 
air-borne organisms, //istoplasma capsulatum being present in the soil at the point source 
of most of the epidemics (9) 

It ix important to note that, when lesions of the chest are found resembling tuberculosis 
and when repeated search for tubercle bacilli is fruitless, examination for fungi may be 
rewarding. Such examinations should be attempted only on fresh svecimens of sputum, 


gastric contents, and bronchial washings, and should consist of a thorough search of stained 
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preparations as well as culture for the intracellular parasite, giving ample time for the 


fungus to grow (10) 
Skin reactions may be helpful but, as in the case of the tuberculin test, a positive or 
negative reaction does not furnish conclusive proof of the presence or absence of the dis 


ease. As yet no drugs have proved effective in combating histoplasmosis 
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IRWIN H. LINDEN ano CHARLES G STEFFEN 
(Received for publication June 25, 1953) 


INTRODUCTION AND REVIEW OF THE LITERATURE 


The relatively high incidence of pulmonary cryptococcosis OF the history of previous 
pulmonary disease associated with central nervous system eryptococcus infections Is now 
well recognized and has led the majority of writers to believe that the respiratory tract Is 
the portal of entry (1, 2) Pneumonitis due to Cryptococcus neoformans without associated 
central nervous system involvement, however, has been rarely diagnosed. Berk and 
Gerstl (3) in 1952 reviewed the literature on this subject and collected only five previous 
cases and reported a sixth. Three other cases of cryptococcosis, limited to the lungs, have 
heen found in the literature available to us ( 1, 5) 

Cox and Tolhurst (2) have suggested that eryptococeosis limited to the lungs is probably 
more common than the number of reported cases would indicate. They believe that many 
such infections are relatively mild in nature and heal spontaneously without metastasizing 
to the central nervous system, The actual incidence of extra-central nervous system in 
fections continues to remain unknown beeause of the lack of readily performed and ac 
eurate diagnostic tests for ery ptococcosis 

The signs and symptoms of cryptococcosis depend upon the nature of the disease of the 
lung. The patients who had tumor like lesions were asymptomatic, and the disease was 
discovered on routine roentgenographic examination. Symptoms were always present in 
the pneumonic forms of the disease, but were nonspecific and generally mild. The most 
common was a dry nonproductive cough, Sputum, if present, was generally mucoid, and 
in two cases was blood tinged Chest pain was noted in two of the nine cases There was 
usually a low-grade fever varying between 99.0° and 101.0°F., accompanied by some 
degree of malaise. The patients appeared well on physieal exammation The signs of 
pulmonary pathology were usually those suggestive of consolidation of the affected side, 
but in several cases were completely absent. 

Routine laboratory studies were noncontributory There was a leukocytosis in three of 
the four eases in which leukocyte counts were reported. The differential count was either 
normal or showed a predominance of polymorphonuclear leukocytes The pulmonary 
roentgenographie findings vanied and were not diagnostic Several types of lesions have 
heen reported. These included a fairly dense and massive shadow resembling a tumor 


(toruloma), small disseminated nodular shadows resembling tuberculosis, and i patchy 


pneumonitis with a predilection for the lung bases. Of the nine cases reported, four had a 


toruloma, three had a pneumonitis, and two had small nodular lesions. These pulmonary 
findings correspond closely to those described as occurring concomitantls with central 
nervous system cryptococcosis 

The prognosis varied, depending upon the type of lesion. All of the patients with 
torulomas underwent a lobectomy ot pneumonectomy of the involved lung and were 
alive at the time the cases were reported Two of the five patients with the more diffuse 


type of lung involvement died, One expired from asphyxiation due to exuberant granula 
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tion tissue which oecluded the lumen of the major bronchi (6), and the other suecumbed 
to a severe cryptococeus pneumonia (7). Of the three remaining patients, one had regres 
sion of the disease and was reported to be in good health one year later (8). One patient 
continued to have signs, symptoms, and roentgenographic abnormalties fifteen months 
after the diagnosis was made (9). There was no reported follow-up on the third patient (4) 

No chemotherapeutic measures which have been used to date have been effective 
against cryptococcosis. Surgical extirpation of the involved lobe has been successful in 
the toruloma variety of the infection (3) 

The purpose of the present report is to present in greater detail a ease of pulmonary 
cryptococcosis which was briefly cited in a survey study previously published (10) 


CASE REPORT 


Ht. S., a 47-year-old male of Mexican extraction, entered the hospital on June 12, 1951 


History: Six months prior to admission the patient noticed a small ervthematous crusted 
papule below the right eve. This slowly enlarged until the major portion of the right cheek 
and lower eyelid was involved. Three months prior to admission similar lesions appeared 
on the back, anterior chest, and behind the ear. There was no pruritis but the lesions were 
painful at night 

Physical eramination: The patient was found to be well developed and well nourished 
with the abnormal findings limited to the skin \ scaling crusted, moist, erythematous 
plaque, 3 em. in diameter, with an irregular, sharply demareated border was present on 
the lower right evelid and adjacent malar eminence. There were five similar lesions, vary 
ing from 0.5 to 1.5 em. in diameter, over the trunk and the sealp. A tentative diagnosis of 
pemphigus vulgaris was made 

Admission laboratory studies: Urinalysis was normal. The leukoeyte count was 3,350 per 
eu. mm. with a differential of 55 per cent neutrophils, 36 per cent lymphocytes, 4 per cent 
monocytes, and | per cent eosinophils. The erythrocyte count was 5.4 million per eu. mm 
and the erythroeyte sedimentation rate was 2 mm. per hour. Serologic tests for syphilis 
were negative. A chest roentgenogram was normal. Biopsy of the lesion below the right eve 
was interpreted as being compatible with pemphigus vulgaris, as were subsequent biopsies 
of other sites 

Course in the hospital: Shortly after the patient was admitted to the hospital, numerous 
bullous lesions appeared over the entire torso. They were most prominent on the face 
neck, and upper chest. Corticotropin therapy was initiated on July 26, 1951, because of the 
continued appearance of new bullae. The corticotropin was administered intramuscularly 
80 mg. daily in divided doses. There was no improvement after two weeks and the drug was 
discontinued. Cortisone therapy was then initiated on August 7, 1951. The dose was 200 mg 
intramuscularly daily. There was no significant improvement during the next two months 
The dose of cortisone was gradually reduced and the drug was discontinued entirely on 
October 10, 1951 

\ definite exacerbation of the pemphigus occurred within the two weeks following the 
cessation of the cortisone. On October 23, 1951, the patient developed a fever of 11°F 
and «a mild nonproductive cough. A roentgenogram of the chest at this time revealed 
diffuse, soft infiltrates in the right lung field in the region of the first intercostal space 
anteriorly and along the cardiophrenic angle (figure 1). Alpha- and beta-hemolytiec strepto 
cocci were cultured from the sputum during the last week of October. Attempts to detect 
the presence of tubercle bacilli on numerous occasions by smears and cultures were un 
successful. The leukoeyte count was 8,200 per cu. mm. with 90 per cent polymorphonuclear 
leukocytes, 6 per cent lymphocytes, and 4 per cent monocytes 

During this period the patient felt reasonably well, but his temperature rose to 102°F 
daily. The cough continued to be nonproductive (Another roentgenogram of the chest on 
October 28, 1951, revealed an increase in the density of the pneumonic process at the cardio 


phrenic angle on the right. A new area of infiltration was seen to overlie the anterior edge 
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of the third rib. The left lung field remained clear. The clinical picture and roentgeno- 
graphic findings were compatible with primary atypical pneumonia, and the patient was 
given 2 gm. of chlortetracycline (Aureomycin) daily from October 28, 1951, to November 
12, 1951. His temperature rose to 103.8°F. on October 30, 1951, but then decreased and re- 
turned to normal on November 3, 1951. Roentgenographic examination of the chest during 
this time showed an increase in the pneumonic infiltrates in the right lung field, and, in 
addition, there were several hazy areas of increased density in the left lung field (figure 2). 

India ink preparations of the sputum on November 12, 1951, revealed encapsulated 
organisms morphologically identical with Cryptococcus neoformans. This organism was 
isolated from the sputum which was inoculated on Sabouraud’s dextrose agar incubated 
at 37°C. Saline suspensions of these cultured organisms were injected intraperitoneally 
into 3 mice. All died within two weeks, and the organism was recovered from the central 
nervous system by smear and culture. Chlortetracycline therapy was discontinued on 
November 12, 1951, when the etiology of the pneumonitis was recognized and no therapy 
was administered thereafter except bed rest. 

Cerebrospinal fluid examinations were performed on November 19, 1951, and December 
3, 1951. The pressure of the fluid was normal on both occasions and there was no increase 
in the cells or protein. The chloride and sugar concentrations were normal. No organisms 
were found in the cerebrospinal fluid by smear, culture, animal inoculation, or india ink 
mounts. 

There was definite roentgenographic evidence of resolution of the pneumonitis on No- 
vember 27, 1951. Improvement continued until January 2, 1951, when complete resolution 
had occurred and the chest roentgenogram was normal. Cryptococcus neoformans was re- 
peatedly isolated from the sputum during this period but, on January 9, 1952, it could no 
longer be demonstrated. Frequent sputum examinations for this organism during the past 
year have been negative. 


COMMENT 


This case of pulmonary cryptococcosis is of particular interest because the disease 
developed while the patient was under medical surveillance. The disease appeared to 
progress for one month, after which it underwent slow resolution during the succeeding 
six weeks. The signs and symptoms were minimal, and at no time did the patient appear 
acutely ill. The symptoms corresponded with those recorded for similar cases. 

All the criteria for establishing the diagnosis of pulmonary cryptococcosis were fulfilled 
in this case. They were: demonstration of the organism in the sputum on numerous oc- 
casions during the period of active disease; proof that the organism was pathogenic; 
disappearance of the organism concurrent with resolution of the pneumonic process; and 
failure to recover other known pathogenic bacteria or fungi. 

Cryptococcosis is considered to be of endogenous origin, and poorly understood pre- 
disposing factors apparently play an important part in the development of the disease. 
The presence of a lymphoblastoma, particularly Hodgkin’s disease, has frequently been 
observed. Cryptococcosis has also been associated with other debilitating diseases such as 
tuberculosis, moniliasis, and histoplasmosis (11). Its development in a patient with 
pemphigus has not been reported. It is difficult to evaluate the significance of pemphigus 
as a predisposing factor, and this is particularly true since the infection spontaneously 
resolved in spite of the progression of the dermatosis. It is believed that the cortisone was 
a more important predisposing factor in the development of cryptococcosis in the present 
case. This opinion is based on the fact that the signs and symptoms of the pneumonitis 
developed during the period of endocrine imbalance immediately following a long course 
of cortisone therapy. It is now a well-recognized fact that endogenous infections develop 
during cortisone therapy. Tuberculosis has been the most common and serious of these. 
Fulminating systemic mycotic infections have also been reported. 
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Again it must be emphasized that the symptoms of pulmonary cryptococcosis are not 
characteristic nor are the roentgenographic findings diagnostic. In view of the lack of 
readily available diagnostic procedures, it is important that the clinician consider erypto- 
coccosis in all undiagnosed protracted pneumonias. 


SUMMARY 


A case of cryptococcosis localized to the lung, which developed in a patient shortly 
after discontinuation of long-term therapy for pemphigus vulgaris, is reported. The 
disease extended over a ten-week period and resolved spontaneously. The role of cortisone 
in the development of the present case is discussed. Nine previously reported cases of 
localized pulmonary cryptococcosis are reviewed. 


SUMARIO 


Criptococosis Pulmonar: Presentacién de un Caso 


El caso comunicado de criptococosis localizada en el pulmén aparecié en un enfermo 
poco después de discontinuar una terapéutica a largo plazo por pénfigo vulgar. La dolencia 
abareé un perfodo de diez semanas y se resolvié espontdneamente. Discttese el papel de 
la cortisona en la produccidén del caso. Repdsan 9 casos descritos anteriormente de cripto- 
cocosis pulmonar localizada. 


RESUME 
Mycose du poumon (Cryptococcus histoliticus): Observation d’un cas 


Communication sur une mycose pulmonaire due au Cryptococcus histoliticus qui s’est 
manifestée chez un patient, peu de temps aprés |’interruption d’un therapie prolongée par 
le steroide dans un cas de pemphigus commun. L’affection s’est prolongée pendant dix se- 
maines et a disparu spontanément. Le réle de la cortisone dans le développement de ce cas est 
commenté. Neuf cas de cryptococcose pulmonaire localisée sont analysés. 
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Editorial 


Pneumothorax Induction by Lung Puncture or “Orthodox” Technique? 


In 1936, Tchertkoff (Quart. Bull. Sea View Hosp., 1936, /, 398) revived the 
old statement by Morgan that the first intrapleural manometric readings in 
an artificial pneumothorax are those obtained by injuring the lung. Tchertkoff 
advocated that every initial pneumothorax is first a traumatic one. In 1948, 
with Selikoff and Robitzek (Dis. of Chest, 1948, 74, 475), he developed a new 
method for the induction of artificial pneumothorax which consists in a deliberate 
puncturing of the lung with the needle attached to the syringe with the anesthetic 
solution or saline. Although the use of this technique has not become widespread, 
some investigators recommend it as “a simple, safe and reliable procedure” 
(Moyes, E. N., and Scott, J. K.: Lancet, 1952, 7, 1278). 

The fact is well known that the induction of pneumothorax in a certain per- 
centage of cases is followed by the development of so-called spontaneous or, 
more precisely, an accidental pneumothorax, which manifests itself in an exces- 
sive accumulation of air in the pleural cavity. The majority of writers consider 
the accidental pneumothorax with its possible untoward effects as a complication 
which should be avoided as far as possible. Many different factors were made 
responsible for the development of accidental pneumothorax as, for instance, 
weak spots in the visceral pleura, tearing of adhesions, presence of subpleural 
caseous foci, or rupture of emphysematous blebs. However, according to the 
majority of authors, the most important factor responsible for this complication 
is the direct trauma to the lung tissue during the induction of pneumothorax. 
The percentage of accidental pneumothoraces during the induction ranges in 
wide limits, from 0 to 21 per cent, according to various writers. 

The majority of writers consider an accidental pneumothorax preventable by 
using a careful technique. Hartmann (Tuberkulosearzt, 1949, H4, 217) and 
Markgraf (Tuberkulosearzt, 1948, H11, 743) introduced a special type of blunt 
needle with the orifice on the side going to the tip of the needle. Markgraf elabo- 
rated a special technique by which he inserts the needle perpendicularly and, 
after reaching the pleura, turns it to oblique position. The blunt tip of the needle 
pushes the lung, simultaneously permitting the aspiration of several milliliters 
of air from the tube into the potential pleural space through the orifice on the 
side of the needle, thus giving the first pleural readings. He claims that with 
this technique he has not seen a single case of accidental pneumothorax in a 
very large number of initial pneumothoraces. 

In contrast with the foregoing data are those of Tchertkoff and his associates, 
who conducted a study of their own. They claimed that, in each of the cases in 
which pleural readings were obtained by inserting the needle into pleural space 
without giving any air or after giving small amounts (approximately 100 ml.), 
a progressively increasing pneumothorax space was demonstrated by fluoroscopy 
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and roentgenography. Tchertkoff and his associates concluded that every initial 
pneumothorax is first a traumatic one and that, when air is given, the collapse is 
always greater than might be expected from the amount of air introduced. On 
the basis of their experiments, Tchertkoff and associates introduced the so-called 
traumatic induction of artificial pneumothorax by a deliberate puncturing of the 
lung and claimed that this technique of pneumothorax induction is a safer and 
more reliable procedure than the conventional technique. 

The experiment of Tchertkoff and co-workers was repeated by Dooneief and 
Piccagli (Am. Rev. Tuberc., 1949, 60, 557), who obtained different results. They 
concluded that “...the conventional method of pneumothorax induction 
with a blunt needle does not cause trauma to the lung of sufficient degree to 
permit escape of air demonstrable by available roentgenographic methods.”’ 

It may be seen that the majority of investigators consider the accidental 
pneumothorax as a preventable complication, not as a rule. Entertaining such 
a view, the present writer believes that the creation of pneumothorax can be 
satisfactorily explained by mechanisms other than trauma to the lung. At the 
very moment when the tip of the needle (or the part of the needle indicated in 
Markgraf’s technique), after piercing the parietal pleura, comes into contact with 
the potential pleural space, aspiration of several milliliters of air from the tube 
occurs, which manifests itself in the simultaneous drop of manometric pressure. 
“A little pulling back of the needle, or a gentle pushing forward” in order to 
obtain the space are not necessary, the readings may be obtained immediately 
without any manipulations which would cause traumatization. Markgraf refers 
to the interesting statement by Reinhardt that touching of visceral pleura by the 
tip of the needle stimulates the active contraction of the underlying pulmonary 
tissue, which contributes to the aspiration of the air from the tube and prevents 
the injury to the lung. 

The present writer believes that the pneumothorax induction which he uses 
may represent the evidence of the correctness of the view that the initial readings 
are those obtained by the aspiration of air from the tube, not by the injury to 
the lung. The valve with three openings is connected with a 2 cc. syringe (upper 
opening) filled with 1 to 2 cc. of anesthetic solution; the lower part, with a regular 
18-gauge needle; the lateral, with the tube, which in its turn is connected with a 
pneumothorax machine. After the local anesthesia, the 18-gauge needle, which 
through the valve is in connection with the syringe, is being inserted in a routine 
way and gently pushed forward, millimeter after millimeter piercing the layers 
of the thoracic wall. The patient is instructed to breathe superficially (taking a 
deep breath is considered a poor procedure); no pulling back and forth with the 
needle is permitted. In the very moment when the tip of the needle reaches the 
potential space, the sudden aspiration of fluid and fall of the piston occurs and, 
if there is air above the fluid in the syringe, this air will be aspirated as well. 
In this moment the valve is being turned and connected with the manometer, 
which invariably shows a reading due to further aspiration of the air from the 
tube. 

If the fall of fluid in the syringe does not occur it means that: 
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(1) The needle may be plugged. In order to prevent that after piercing of 
the skin, the needle is withdrawn, blown out, and reinserted in the same spot. 
(2) The needle has not reached the potential pleural space. (3) The pleura is ad- 
herent. (4) The tip of the needle is in the lung. In this case the fluid in the 
syringe does not fall at all, or may fall very slowly (never abruptly), but some 
air may be obtained in the syringe by pulling back the piston. When connected 
with the manometer, the “pulmonary readings” (minus 2, plus 2) may be 
obtained, as in one of the writer’s cases. 


In order to determine what percentage of initial pneumothoraces is followed 
by development of accidental (or traumatic) pneumothorax, the writer conducted 
a very careful study of 57 initial pneumothoraces, performed at Molly Stark 
Hospital between July 1, 1951, and December 31, 1952. The average amount of 
air given during the induction was approximately 300 ml.; on many occasions, 
less. A small, hardly visible space resulted (it is generally agreed that less than 
150 ml. of air cannot be visualized by any roentgenographic technique), which 
occasionally could not be detected at all or only after examination in different 
projections. Any increase of the space over approximately 5 per cent after twenty- 
four hours was considered as evidence of an accidental pneumothorax. Accidental 
pneumothorax occurred in 5 instances (8.77 per cent) of initial pneumothoraces 
performed on 4 patients. 

The results obtained confirm the writer’s previous experience that with a 
careful technique for pneumothorax induction the increased accumulation of air 
in the pleural cavity, indicative of traumatic pneumothorax, is a relatively rare 
occurrence. As a rule, there is a direct relationship between the size of the space 
and the amount of air injected. It can be argued that a certain leakage of air into 
the pleural cavity cannot be excluded in cases where no traumatic pneumothorax 
could be diagnosed. Even if it were so, it should be negligible and not enough to 
increase the collapse significantly; and the role of the trauma, if any, in the 
creation of initial pneumothorax should be subordinate. According to the advo- 
cates of the traumatic theory of initial pneumothorax, in order to get readings, the 
needle should be pulled back after first being pushed in; otherwise, how can the 
initial reading be explained, the tip of the needle still being in the pulmonary 
tissue? Since with the technique of the present writer there is no pulling back, 
it is evident that mechanisms other than puncturing the lung are responsible 
for the initial manometric readings. 

It is believed, therefore, that the creation of pneumothorax may be explained 
perfectly well without admitting the inevitable puncturing of the lung. The 
statement that every initial pneumothorax is first a traumatic one does not seem 
to be based on solid foundation and the technique of the deliberate puncturing 
of the lung in order to create a pneumothorax does not seem to be a sufficiently 
justified procedure. If in the course of pneumothorax induction the trauma 
occurs, it should be considered as a complication, not as a rule. 

In contrast to the statement that a pneumothorax induction technique by 
lung puncture is a safe and reliable procedure, the present writer considers it 
to be potentially hazardous. For a certain time an opportunity was afforded to 
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the writer to observe and fluoroscope the cases of initial pneumothorax started 
by lung puncture and compare them with those started by him, using the needle 
with the hole on the side. The resulting impression was different from that which 
Tchertkoff and his associates have stated. Also one dramatic accident occurred 
within less than an hour after initial pneumothorax by lung puncture was started 
in a patient with a completely destroyed contralateral lung. As small as the needle 
for pneumothorax induction by lung puncture might be, if the trauma produced 
is sufficient to allow the air to escape into the pleural space, it will be large enough 
to let infection oscape in the same space. The presence of peripheral cavitation, 
subpleural or peripheral foci, even not visualized on roentgenography, should 
always be kept in mind; the puncture of such foci may result in a contamination 
of pleural space. The amount of air entering through the hole in pulmonary 
tissue also cannot be controlled, and this may lead to a development of a tension 
pneumothorax which may endanger the patient’s life in case of a destroyed or 
absent contralateral lung. 

The present writer believes, therefore, that the pneumothorax induction 
technique by lung puncture is not sufficiently justified and hardly represents a 
safe and reliable procedure which could be recommended for routine use. 


CONSTANTINE VYSNIAUSKAS 
Canton, Ohio 
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THE EFFECT OF ISONIAZID ON GROWING AND 
RESTING TUBERCLE BACILLI 


For an understanding of the antibacterial effect of isoniazid on tubercle bacilli, it is 
important to know whether this drug acts only on growing or also on resting bacteria. 
Clinical observations and laboratory findings reported by Mackaness and Smith' sug- 
gested that only growing bacteria are affected by the drug. The same conclusion is reached 
in the more direct experiments reported here, in which it is shown that isoniazid is bac- 
tericidal for tubercle bacilli when it is added to a culture medium which is adequate for 
their growth (in the absence of the drug) but is without effect on their viability when it is 
present in a medium which does not support growth. 

The effect of isoniazid on growing and resting tubercle bacilli was studied in the follow- 
ing experiments. Tubercle bacilli were cultivated in a Tween*-albumin medium of the 
following composition: Na,HPO,-12H.O, 6.3 gm.; KH,PO,, 1 gm.; MgS0O,-7H,0, 
0.02 gm.; CaCl, 0.0005 gm.; Tween 80, 0.2 ml.; bovine albumin (plasma fraction V), 
1 gm.; NH,Cl, 0.5 gm.; glucose, 10 gm.; distilled water, 1,000 ml. After five days of incu- 
bation at 37°C., the bacteria were collected by centrifugation, washed twice in a solution 
containing 0.01 per cent Tween and 0.1 per cent bovine albumin, and resuspended in a 
medium of the same composition except that no glucose was present. Aliquots of this sus- 
pension (5.4 ml.) were distributed into a series of screw-capped culture tubes. To one set 
of these tubes, isoniazid was added in a final concentration of 0.5 y per ml. To another 
set the same amount of isoniazid and glucose, to constitute a final concentration of 1 
per cent, was added. No additions were made to a third set. A total volume of 6 ml. was 
established in all tubes by the addition of distilled water. The inoculated tubes were 
incubated at 37°C. At various intervals, density readings were taken and colony counts 
were made, the latter by preparing tenfold dilutions in 0.1 per cent albumin and plating 
on oleic-acid—albumin agar and on oleic-acid-albumin agar in which 0.5 + of isoniazid 
per ml. was incorporated. The latter medium was used in order to determine the number 
of isoniazid-resistant bacteria. The acid-fast property of the bacteria was also tested at 
various times by mixing loopfuls of culture with 10 per cent rabbit serum on a slide, 
fixing by brief flaming, and using the technique’ of Aubert,‘ extending the time of staining 
to fifteen minutes. 

The results of the colony counts in an experiment with the H37Rv strain are presented 
in table 1. It can be seen that the number of viable bacilli in the medium with isoniazid 
and glucose dropped after three days to M499 of the original number and, after seven days, 
to less than '{ 900. After three weeks, the counts were again very high, but the organisms 
were now all isoniazid resistant, as indicated by the similar colony counts on the media 


? Macxaness, G. B., anp Smitu, N.: Am. Rev. Tuberc., 1953, 67, 322. 

? Tween 80 is the proprietary name of the polyoxyethylene derivative of Sorbitan mo- 
nooleate, obtainable from the Atlas Powder Company, Wilmington, Delaware. 

* AuBeRT, E.: Canad. J. Pub. Health, 1950, 4/, 31. 

* In this method a special carbo) fuchsin solution containing Tween is used. After stain- 
ing at room temperature, the stain is washed off with water and the smear is decolorized 
with 5 per cent nitric acid for fifteen to thirty seconds and then for the same length of 
time with 70 per cent alcohol. The smear is washed and counterstained with methylene 
blue as usual. 
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with and without isoniazid. In the medium with isoniazid but without glucose, the bac- 
teria lost their viability very slowly. After three weeks, one-seventh of the original number 
could still be cultivated. In the medium without either isoniazid or glucose, the bacteria 
remained perfectly viable throughout the whole period of the experiment. 


TABLE 1 


Viasitiry Counts or Tupercie (H37Rv) Exposep To Isontazip In THE PRESENCE 
AND IN THE ABSENCE or GLUCOSE as A Source or CARBON 


The figures represent the number of colonies per ml. of a 10~ dilution 


MODIFYING CONSTITUENTS OF THE MEDIUM: 


Medium No. 1 Medium No. 2 Medium No. 3 


| 


NHClL + NHCl + | NHCI + 
Glucose - Glucose — | Glucose + 
Isoniazid — — Isoniazid + | Isoniazid + 


DAYS OF INCUBATION TOTAL ISONIAZID- TOTAL ISONIAZID- TOTAL ISONIAZID- 
BEFORE PLATING COUNT RESISTANT COUNT COUNT RESISTANT 


Optical density 


1 
10 15 20 
Time in days 


Fia. 1. Effect of isoniazid on the growth of M. tuberculosis (H37Rv) in Tween-albumin 
medium with and without glucose. The media contained NH,Cl as the sole ni- 
trogen source. a—Isoniazid, 0.5 y per ml., and glucose, 10 mg. per ml., were added. b—Iso- 
niazid, 0.5 y per ml., was added alone. c—No additions were made. 


It can be concluded from this and similar experiments that isoniazid has a strong bac- 
tericidal effect on tubercle bacilli only when these are in an environment which provides 
them with a carbon and energy source. The results of the density measurements (figure 1) 
indicate that the bacteria exposed to isoniazid in the presence of glucose proliferated in 
this medium for one and a half generations before their growth was arrested. After two 
weeks the growth of the isoniazid-resistant bacteria became visible. In the absence of 
glucose, some slow and sparse growth was observed, probably owing to the nutrient 
properties of Tween. This small amount of growth may explain the slight bactericidal 
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effect of isoniazid under these conditions and also the trace of lysis which occurred later. 
The observation that tubercle bacilli grow in a nutrient medium in the presence of isoniazid 
for a short period of time and for approximately one generation has been reported by 
Middlebrook,* by Barclay, Ebert, and Koch-Weser,* and by Mackaness and Smith.' 

Isoniazid was seen to have a remarkable effect on the acid-fastness of the bacteria. In 
the medium with glucose and isoniazid, the bacteria lost their acid-fastness almost com- 
pletely within two days. Acid-fast bacilli were found only rarely until the end of the 
second week of incubation. Thereafter, at the same time that the resistant organisms 
started growing, the number of acid-fast organisms increased progressively. The bacteria 
which were exposed to isoniazid in the absence of glucose retained throughout the experi- 
ment their ability to take the acid-fast stain intensely and homogeneously. Frequent 
beading of the acid-fast material in the bacterial cells was observed in the media lacking 
both glucose and isoniazid. Rapid loss of acid-fastness in young cultures of tubercle bacilli 
was described by Middlebrook* and by Rist and his collaborators.’ 

In summary: The effect of isoniazid on tubercle bacilli was studied in media with and 
without glucose as the only carbon source. 

Isoniazid was rapidly bactericidal in the presence, but not in the absence, of glucose. 
In the presence of glucose, the bacteria proliferated for one and a half generations before 
their growth was arrested. They lost their acid-fastness nearly completely within two 
days. In the absence of glucose, there was no growth and no loss of acid-fastness of the 
bacteria. It is concluded that isoniazid acts on growing, but not on resting, tubercle 


bacilli. 
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5 Mipp._eprook, G.: Am. Rev. Tuberc., 1952, 65, 765. 

* Barciay, W. C., Expert, R. H., anp Kocu-Weser, D.: Am. Rev. Tuberc., 1953, 67, 
490. 

Rist, N., Grumpacn, F., Cars, 8., Rrepen, J.: Ann. Inst. Pasteur, 1952, 82, 757. 

* Present address: National Jewish Hospital, 3800 East Colfax Avenue, Denver 6, Col- 
orado. 
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PROCEDURE WITH NEGATIVE CULTURES FOR TUBERCLE BACILLI 


To the Editor of the American Review of Tuberculosis: 

In a letter I wrote on July 14, 1953, which was published in the September, 1953, issue 
of the American Review or Tusercu.osis, I stated that it was my understanding that 
the Communicable Disease Center, Chamblee, Georgia, recommended the smearing of 
the surfaces of cultures negative for tubercle bacilli in order that positive cultures of 
bovine or dysgonic human tubercle bacilli would not be overlooked. I have since learned 
that my information was erroneous. The Tuberculosis Laboratories of the Communicable 
Disease Center neither follows nor recommends this procedure. 

From other correspondence I have received on the subject, I find that the smearing of 
negative cultures is discouraged since the mere presence of acid-fast bacilli on a culture 
slant does not necessarily mean that the organisms are viable or virulent. 

Sincerely yours, 
Constance J. Connors 
Onto TusercuLosis Hosprran 
Co 10, Onto 


November 6, 1953 
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Great ADVENTURES IN Mepicinge. Edited by Samuel Rapport and Helen Wright, with 
an introduction by Detlov W. Bronk. Pp. 874, Dial Press, New York, 1952, Price, $5.00. 


This book, intended for popular reading, is an anthology of the art and science of medicine. 
The editors have achieved much more than that. It will certainly be read with profit 
and interest by physicians. It has some of the features of Major’s more extensive and 
professional Classic Descriptions of Disease. Furthermore, by their careful selections, 
systematic organization, and well-written orienting synopses the editors have produced 
a history of medicine for both lay and professional reading. The quality of high adventure 
in medicine, intentionally highlighted by the collection, cannot fail to be a source of 
pride to the medical reader and inspiration to young persons contemplating a medical 
career. 

Beginning with the Hippocratic oath and the oath and prayer of Maimonides, the 
collection is arranged roughly in chronological order. The reader is exposed to the writings 
(in the original, translated when necessary, of course) of Hippocrates, Galen, Paré, 
Paracelsus, Sydenham, Hunter, Jenner, Laennec, Leeuewenhock, Lister, Pasteur, Ber- 
nard, Koch, Roentgen, Ross, Reed, and many others. 

Seventeenth century diarist, John Aubrey, is represented by his account of the per- 
sonality of his friend, William Harvey. Boccaccio describes the plague with the feeling 
of a first-hand observer. Shakespeare's description of the apothecary’s shop in Romeo 
and Juliet and Dickens’ Sairey Gamp, although fictional, are certainly valid inclusions. 
LeSage’s description of Doctor Sangrada in The Adventures of Gil Blas of Santillane falls 
in the same category. John Brown’s touching Rab and His Friends should certainly not 
have been omitted. Even Ben Franklin’s observations on lead poisoning and his descrip- 
tion of bifocal spectacles are included. 

Writings for popular consumption, favorites in the 1930's, by physicians Carrel, Finney, 
Heiser, Hertzler, Schweitzer, Zinnser, and others are well represented. The contemporary 
era is interpreted by persons such as Cornelius P. Rhoades, René Dubos, Alexander 
Fleming, William C. Meninger, Wendell Stanley, and others. 

This book is wholeheartedly recommended. 

Victor A. McKusick 
Baltimore, Maryland 


Tue THoracic SuraicaL Patient. By Lew A. Hochberg. Pp. 365, Grune & Stratton, 
Inc., New York, 1952. Price, $8.75. 


Condensed into this 350-page, manual-sized volume are this well-known author’s views 
on the following subjects: the physiology of the respiratory and cardiovascular systems; 
endoscopy; anesthesiology; chest injuries; surgery of the chest wall, esophagus, medi- 
astinum, heart, lungs, and diaphragm; collapse therapy; and patient rehabilitation. As 
can be imagined, an almost outline form is required to encompass these fields. Each of these 
subjects may be found discussed in a more complete and a more fully illustrated form 
in other texts. The virtue of this volumn is that it provides a broad perspective of the 
entire field which can be acquired rapidly and provides a framework for more careful 
consideration of each of these major subjects. 

M. Hays 
New York, New York 
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Tue Epwwemio.ocy or Heattu. Edited by Iago Galdston. Pp. 197, Health Education 
Council, New York and Minneapolis, 1953, Price, $4.00. 


This publication arose out of The Eleventh Annual Eastern States Health Education 
Conference. The 15 chapters by various contributors deal with epidemiology and preven- 
tive medicine in selected areas of health and disease. The author of the three chapters 
which provide the nucleus of the text is John E. Gordon, Professor of Epidemiology at 
The Harvard School of Public Health. He applies himself to a compact review of the 
history of epidemiology, culminating in an appeal for adherence to the holistic ecologic 
view of the phenomena of disease and health, and calling for a concerted effort to identify 
and measure factors determining “gradients of heaith.” The Surgeon General of the 
Army tells of the efforts of his organization to equilibrate man with his environment. 
Alton 5. Pope discusses epidemiologic aspects of tuberculosis. Other contributors treat 
the subjects of mental health, nutrition, health in industry, health in old age, and certain 
other phases of preventive medicine and public health. 

The book is disappointing in its meager content of new ideas or concise information 
about “the epidemiology of health.” The title is misleading. However, with a modicum 
of breadth and depth, the elements of epidemiology and their projection in the prevention 
of disease and promotion of health are set forth by men who know their fields. The health 
educator should find the book useful and stimulating. 

Homer C. Wick 
New York, New York 


BOOKS RECEIVED 
Parinciptes or Microsro.oey. By Walter W. Krueger. Pp. 648, with illustrations, W. B. 


Saunders Company, Philadelphia and London, 1953, Price, $5.50. 

BacrertaL Genetics. By Werner Braun. Pp. 238, with illustrations, W. B. Saunders 
Company, 1953, Price, $6.50. 

Sroprer Over UroGenrraLTuBeRKULOseNs Bewanpiuna. By Kar! Ola F. Obrant. Pp. 
159, Fran Kirurgiska Kliniken I Vid Sahigrenska Sjukhuset, Géteborg, 1953. 
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American Trudeau Society 
Medical Section of the National Tuberculosis Association 


1953-1954 Organization and Committee Structure 


I—ADMINISTRATIVE 
Council 


*President * President-Elect 


Donald 8. King, M.D. John D. Steele, M.D. 

Hitchcock Clinic 1705 W. Wisconsin Avenue 

Hanover, N. H. Milwaukee 3, Wisconsin 
*Vice-President *Secretary-Treasurer 

C. M. Sharp, M.D. William G. Childress, M.D. 

Florida State Board of Heaith Grasslands Hospital 

P.O. Box 210 Valhalla, New York 


Jacksonville 1, Florida 
Terms Expiring 1954 
*David A. Cooper, M.D. William H. Oatway, Jr., M.D. 


1520 Spruce Street La Vina Sanatorium 
Philadelphia 2, Pennsylvania Altadena, California 


*Daniel E. Jenkins, M.D. John W. Trenis, M.D. 
Baylor University College of Medicine 1150 Connecticut Avenue, N.W. 
Houston, Texas Washington 6, D. C. 


Gordon M. Meade, M.D. William B. Tucker, M.D. 
Trudeau Sanatorium 3612 46th Avenue, South 
Trudeau, New York Minneapolis 6, Minnesota 


Terms Expiring 1955 


Hugh E. Burke, M.D. Paul C. Samson, M.D. 
Royal Edward Laurentian Hospital 2938 McClure Street 
3674 St. Urbain Street Oakland 9, California 


Montreal 18, Canada 


Karl H. Pfuetze, M.D. *William 8. Schwartz, M.D. 
Chicago State Tuberculosis Sanitarium Veterans Administration Hospital 
1919 West Taylor Street Oteen. North Carolina 

Chicago 12, Illinois 


Norman J. Wilson, M.D. 
1101 Beacon Street 
Brookline 46, Massachusetts 


Terms Expiring 1966 


William L. Cooke, M.D. Paul Murphy, M.D. 
230 Professional Building 3842 Flora Place 
Charleston 1, West Virginia St. Louis 10, Missouri 


* Executive Committee 
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William M. M. Kirby, M.D. 
University of Washington 
Department of Medicine 
Seattle 5, Washington 


Howard M. Payne, M.D. 
41 Quincy Place, N.W. 
Washington 1, D. C. 


Frederick C. Warring, Jr., M.D. 
Laurel Heights Tuberculosis Sanatorium 
Shelton, Connecticut 


Nominating Committee 


John H. Skavlem, M.D., Chairman 
2700 Union Central Life Building 
Cincinnati 2, Ohio 


Ezra R. Bridge, M.D. 
Veterans Administration Hospital 
Batavia, New York 


Sidney J. Shipman, M.D. 
490 Post Street 
San Francisco 2, California 


Membership Committee 


Bertram L. Snyder, M.D., Chairman William G. Childress, M.D. 
15 E. Monroe Street Grasslands Hospital 
Phoenix, Arizona Valhalla, New York 


Cecil G. Shaver, M.D. 
Niagara Peninsula Sanatorium 
St. Catherines, Ontario, Canada 


Philip H. Becker, M.D. 
James O. Parramore Hospital 
Crown Point, Indiana 


Joseph A. Smith, M.D. 
New Jersey Sanatorium for Tuberculous Diseases 


Glen Gardner, New Jersey 


II—MEDICAL RESEARCH AND SUBCOMMITTEES (3) 


Director: Esmond R. Long, M.D. 
The Henry Phipps Institute 
Seventh and Lombard Streets 
Philadelphia 47, Pennsylvania 


Howard T. Karsner, M.D. 
Bureau of Medicine and Surgery 
Department of the Navy 
Washington 25, D. C. 


Kar! F. Meyer, M.D., Chairman 

The George Williams Hooper Foundation 
University of California Medical Center 
San Francisco 22, California 


tGardner Middlebrook, M.D. 
National Jewish Hospital 
3800 East Colfax Avenue 
Denver 6, Colorado 


W. E. Adams, M.D. 
The University of Chicago 
950 East Fifty-ninth Street 
Chicago 37, Illinois 


Sidney J. Shipman, M.D. 
490 Post Street 
San Francisco 2, California 


tJ. Burns Amberson, M.D. 
Bellevue Hospital 

27th Street and First Avenue 
New York 16, New York 


t Ex-officio members 
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Robert J. Anderson, M.D. David T. Smith, M.D. 
Chief, Division of Chronic Disease & TB Duke University 


Public Health Service Durham, North Carolina 
Washington 25, D. C. 


Andre Cournand, M.D. William Steenken, Jr. 
Bellevue Hospital The Trudeau Laboratory 
27th Street and First Avenue Trudeau, New York 

New York 16, New York 


tRobert H. Ebert, M.D. Col. Carl W. Tempel, M.C. 
950 East 59th Street Fitzsimons Army Hospital 
Chicago 37, Illinois Denver 8, Colorado 


Lawrence B. Hobson, M.D., Ph.D. Arthur M. Walker, M.D. 


) E. R. Squibb & Sons Secretary, Committee on Streptomycin 
745 Fifth Avenue Veterans Administration 
New York 22, New York Washington 25, D. C. 


(1) Laboratory Subcommittee 
Gardner Middlebrook, M.D., Chairman Charles E. Lyght, M.D. 


National Jewish Hospital % Medical Division 
3800 East Colfax Avenue Merck & Company, Inc. 
Denver 6, Colorado Rahway, New Jersey 


Myron W. Fisher Kornel L. Terplan, M.D. 
Parke, Davis & Company Buffalo General Hospital 
Joseph Campau Avenue 100 High Street 

Detroit 32, Michigan Buffalo 3, New York 


Meyer R. Lichtenstein, M.D. Emanuel Wolinsky, M.D. 
5601 Pulaski Road The Trudeau Foundation 
Chicago 30, Illinois Trudeau, New York 


Diran Yegian, D.V.M. 
Ray Brook State Tuberculosis Hospital 
Ray Brook, New York 

(2) Fellowship Board 


J. Burns Amberson, M.D., Chairman Howard M. Payne, M.D. 
Bellevue Hospital 41 Quincy Place, N.W. 
27th Street and First Avenue Washington 1, D. C. 


New York 16, New York 


Howard W. Bosworth, M.D. tH. McLeod Riggins, M.D. 
The Barlow Sanatorium Association 140 East 54th Street 

1301 Chavez Ravine Road New York 22, New York 
Los Angeles 26, California 


Helen A. Dickie, M.D. Guy P. Youmans, M.D. 


1300 University Avenue 303 East Chicago Avenue 
Madison 6, Wisconsin Chicago 11, Illinois 
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(3) Subcommittee on Patent Policy 
Esmond R. Long, M.D., Chairman Lawrence B. Hobson, M.D., Ph.D. 
The Henry Phipps Institute E. R. Squibb & Sons 
Seventh and Lombard Streets 745 Fifth Avenue 
Philadelphia 47, Pennsylvania New York 22, New York 


David T. Smith, M.D. 
Duke University 
Durham, North Carolina 


III—PROFESSIONAL EDUCATION 
Editorial Board—The American Review of Tuberculosis 


Editor 
Walsh McDermott, M.D. 
New York Hospital 
525 East 68th Street 
New York 21, New York 


Terms Expiring 1954 
Wm. H. Feldman, D.V.M. Max B. Lurie, M.D. Ralph R. Tompsett, M.D. 
Mayo Clinic The Henry Phipps Institute Cornell Univ. Med. College 
Rochester, Minnesota Seventh and Lombard Streets 1300 York Avenue 
Philadelphia 47, Pennsylvania New York 21, New York 


Terms Expiring 1955 
Byron F. Francis, M.D. Donald L. Paulson, M.D. Philip E. Sartwell, M.D. 


Riverton Hospital 3810 Swiss Avenue The Johns Hopkins Uni- 
12844 Military Road Dallas, Texas versity 


Seattle 88, Washington 615 N. Wolfe Street 
Baltimore 6, Maryland 


Terms Expiring 1956 
Daniel E. Jenkins, M.D. Sidney Raffel, M.D. John W. Strieder, M.D. 
Baylor University 618 Hermosa Way 1180 Beacon Street 
College of Medicine Menlo Park, California Brookline 46, Massachusetts 
Houston, Texas 


Committee on Medical Education and Subcommittees (7) 


Director: Julius L. Wilson, M.D. 
The Henry Phipps Institute 
Seventh and Lombard Streets 
Philadelphia 47, Pennsylvania 


H. McLeod Riggins, M.D., Chairman Daniel E. Jenkins, M.D. 

140 East 54th Street Baylor University 

New York 22, New York College of Medicine 
Houston 25, Texas 


J. Burns Amberson, M.D. tWilliam M. M. Kirby, M.D. 
Bellevue Hospital University of Washington 
27th Street and First Avenue Department of Medicine 
New York 16, New York Seattle 5, Washington 
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Katharine R. Boucot, M.D. John A. Louis (NCTW) 
Woman’s Medical College Ohio TB and Health Association 
Department of Preventive Medicine 1575 Neil Avenue 
Philadelphia 29, Pennsylvania Columbus 1, Ohio 


Robert H. Browning, M.D. Richard L. Riley, M.D. 
Ohio Tuberculosis Hospital 1901 Dixon Road 
Columbus 10, Ohio Baltimore 9, Maryland 


tWilliam L. Cooke, M.D. John H. Skavlem, M.D. 
230 Professional Building 2700 Union Central Life Building 
Charleston 1, West Virginia Cincinnati 2, Ohio 


John Deitrick, M.D. tWilliam B. Tucker, M.D. 
Jefferson Medical College 3612 46th Avenue, South 
Philadelphia, Pennsylvania Minneapolis 6, Minnesota 


tH. Corwin Hinshaw, M.D. tEdward J. Welch, M.D. 
490 Post Street 1101 Beacon Street 
San Francisco 2, California Brookline 46, Massachusetts 


tSydney Jacobs, M.D. Clarence A. Wicks, M.D. 
508 Medical Arts Building Glenwyld, Toronto Hospital 
New Orleans 15, Louisiana for Tuberculosie 

Weston, Ontario, Canada 


Advisory Group 
| Robert J. Anderson, M.D. David A. Cooper, M.D. 
Chief, Division of Chronic Disease & TB _— 1520 Spruce Street 
Washington 25, D. C. Philadelphia 2, Pennsylvania 


Joseph C. Aub, M.D. Charles A. Doan, M.D. 
Massachusetts General Hospital The Ohio State University 
Boston 14, Massachusetts Columbus 10, Ohio 


John B. Barnwell, M.D. Rutk B. Freeman 


Chief, Tuberculosis Division The Johns Hopkins University 
Veterans Administration 615 N. Wolfe Street 
Washington 25, D. C. Baltimore 5, Maryland 


William P. Shepard, M.D. 
Metropolitan Life Insurance Company 
One Madison Avenue 

New York 1, New York 


(1) Subcommittee for North Eastern Region 


Edward J. Welch, M.D., Chairman Clara R. Gross, M.D. 
1101 Beacon Street 140 East 54th Street 
Brookline 46, Massachusetts New York 22, New York 


Max G. Carter, M.D. Nelson R. Kraemer (NCTW) 
614 Orange Street Massachusetts TB and Health League 
New Haven, Connecticut 131 Clarendon Street—Room 802 

Boston 16, Massachusetts 


(NCTW) represents National Conference of Tuberculosis Workers 
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(2) Subcommittee for South Eastern Region 


William L. Cooke, M.D., Chairman E. E. Menefee, Jr., M.D. 
230 Professional Building Duke University 
Charleston 1, West Virginia Durham, North Carolina 


Thomas A. Deveny, Jr. (NCTW) Woodbury Perkins, M.D. 
West Virginia TB and Health Association 1021 West Main 

202 Professional Building, P.O. Box 341 Charlottesville, Virginia 
Charleston 22, West Virginia 


(3) Subcommittee for North Central Region 
William B. Tucker, M.D., Chairman Richard P. Jahn, M.D. 
3612 46th Avenue, South 1705 West Wisconsin Avenue 
Minneapolis 6, Minnesota Milwaukee 3, Wisconsin 


Ralph I. Canuteson, M.D Paul Murphy, M.D. 
Watkins Memorial Hospital 3842 Flora Place 
University of Kansas St. Louis 10, Missouri 
Lawrence, Kansas 


Donald E. Pratt (NCTW) 
Missouri Tuberculosis Association 
411 North 10th Street 

St. Louis 1, Missouri 


(4) Subcommittee for South Central Region 


Sydney Jacobs, M.D., Chairman Col. Carl W. Tempel, M.C. 


508 Medical Arts Building Fitzsimons Army Hospital 
New Orleans 15, Louisiana Denver 8, Colorado 


John W. Middleton, M.D Edward J. Walton (NCTW) 
5018 Sherman Colorado Tuberculosis Association 
Galveston, Texas 1318 Grant Street 

Denver 2, Colorado 


(5) Subcommittee for North Western Region 


William M. M. Kirby, M.D., Chairman Roberts J. Davies, M.D. 
University of Washington, School of Medicine 1704 East 150th Street 
Seattle 5, Washington Seattle 55, Washington 


William 8. Conklin, M.D George M. Shahan (NCTW) 
1006 Standard Insurance Building Washington Tuberculosis Association 
Portland 5, Oregon 1000 Lenora 

Seattle 1, Washington 


(6) Subcommittee for South Western Region 


H. Corwin Hinshaw, M.D., Chairman John H. MeClement, M.D. 
490 Post Street University of Utah, School of Medicine 
San Francisco 2, California Salt Lake City, Utah 


Mrs. Dalrie 8. Lichtenstiger (NCTW) Stuart Sanger, M.D. 
California TB and Health Association 123 South Stone Avenue 
45 Second Street Tucson, Arizona 

San Francisco 5, California 
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(7) Subcommittee on Teaching-Resident Fellowships 


Robert H. Browning, M.D., Chairman David A. Cooper, M.D. 
Ohio Tuberculosis Hospital 1520 Spruce Street 
Columbus 10, Ohio Philadelphia 2, Pennsylvania 


Richard L. Riley, M.D. 
1901 Dixon Road 
Baltimore 9, Maryland 


V—SPECIAL COMMITTEES 


Committee on Therapy 


Robert H. Ebert, M.D., Chairman Roger 8. Mitchell, M.D. 
950 East 59th Street Trudeau Sanatorium 
Chicago 37, Illinois Trudeau, New York 


Paul Chapman, M.D. Carl Muschenheim, M.D. 
Herman Kiefer Hospital 133 East 64th Street 
Detroit 2, Michigan New York 21, New York 


Raymond F. Corpe, M.D. Edward F. Parker, M.D. 
Battey State Hospital 70 Hasell Street 


Rome, Georgia Charleston 8, South Carolina 


Robert A. Goodwin, Jr., M.D. Morris C. Thomas, M.D. 
Veterans Administration Hospital Veterans Administration Hospital 
Nashville 5, Tennessee Madison 5, Wisconsin 


Robert .L. Yeager, M.D. 
Summit Park Sanatorium 
Pomona, New York 


Medical Sessions Program Committee and Subcommittee (1) 


Julius L. Wilson, M.D., Chairman Robert H. Ebert, M.D. 
The Henry Phipps Institute 950 East 59th Street 
Seventh and Lombard Streets Chicago 37, Illinois 


Philadelphia 47, Pennsylvania 


David T. Carr, M.D. Daniel E. Jenkins, M.D. 
Mayo Clinic Baylor University College of Medicine 
Rochester, Minnesota Houston, Texas 


René Dubos, Ph.D. Herbert C. Maier, M.D. 
Rockefeller Institute for Medical Research 3 East 7ist Street 

66th Street and York Avenue New York 21, New York 
New York 21, New York 


(1) Subcommittee on Exhibits 


Antrim Crellin, M.D. John W. Trenis, M.D. 
1930 Chesnut Street 1150 Connecticut Avenue, N.W. 
Philadelphia, Pennsylvania Washington 6, D. C. 


Norman J. Wilson, M.D. 
1101 Beacon Street 
Brookline 46, Massachusetts 
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Committee on Medical Relations 


Carl Muschenheim, M.D., Chairman Robert V. Cohen, M.D. 
133 East 64th Street 255 South 17th Street 
New York 21, New York Philadelphia 3, Pennsylvania 


Edward O. Coates, Jr., M.D. Samuel Cohen, M.D. 
Trudeau Sanatorium 100 Clifton Place 
Trudeau, New York Jersey City, New Jersey 


John B. O’Connor, M.D. 
Laurel Heights Sanatorium 
Shelton, Connecticut 


Committee on Administrative Problems and Subcommittees (2) 


Gaylord W. Anderson, M.D., Chairman tRalph Horton, M.D. 

School of Public Health Homer Folks Tuberculosis Hospital 
University of Minnesota Oneonta, New York 

Minneapolis 14, Minnesota 


George W. Comstock, M.D. Hilbert Mark, M.D. 
Department of Public Health 3493 South Glencoe Street 
P.O. Box 229 Denver 20, Colorado 
Columbus, Georgia 


tHerbert R. Edwards, M.D. Arthur B. Robins, M.D. 
New York TB and Health Association Department of Health 
386 Fourth Avenue 125 Worth Street 
New York 16, New York New York 13, New York 


Leon H. Hetherington, M.D. Randolph B. Turnbull, M.D. 
2411 North Charles Street 842 Jefferson Avenue 
Baltimore 18, Maryland Memphis, Tennessee 


(1) Subcommittee on Manual for Tuberculosis Hospital Administration 


Ralph Horton, M.D., Chairman Frank L. Jennings, M.D. 
Homer Folks Tuberculosis Hospital Sunnyside Sanatorium 
Oneonta, New York Indianapolis 44, Indiana 


Harold G. Curtis, M.D. Herman J. Nimitz, M.D. 
Sunny Acres Sanatorium Dunham Hospital 
Cleveland 22, Ohio Cincinnati 5, Ohio 


Edward N. Packard, M.D. 
110 Main Street 
Saranac Lake, New York 


(2) Subcommittee on Revision of Chest Clinic Manual 


Herbert R. Edwards, M.D., Chairman Donald J. Ottenberg, M.D. 

New York TB and Health Association Central Cooperative Clinic 

386 Fourth Avenue Temple University Medical School 

New York 16, New York 3400 North Broad Street 
Philadelphia 40, Pennsylvania 


Edward X. Mikol, M.D. Joseph B. Stocklen, M.D. 
New York State Department of Health East Side County Clinic 
28 Howard Street 4520 Carnegie Avenue 
Albany, New York Cleveland 3, Ohio 
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Committee on Roster 
Reuben J. Erickson, M.D., Chairman Julia M. Jones, M.D. 
Albany County Tuberculosis Association Bellevue Hospital 


411 County Building First Avenue and 27th Street 
Albany 7, New York New York 16, New York 


Ezra R. Bridge, M.D. J. Arthur Myers, M.D. 
Veterans Administration Hospital 730 LaSalle Building 
Batavia, New York Minneapolis 2, Minnesota 


Committee on Revision of Diagnostic Standards 


William 8. Schwartz, M.D., Chairman Martin M. Cummings, M.D. 
Veterans Administration Hospital Chief, Research Division 
| Oteen, North Carolina Veterans Administration Central Office 


Washington 25, D. C. 


Gordon M. Meade, M.D. 
Trudeau Sanatorium 
Trudeau, New York 


Necrology Committee 


Alton 8. Pope, M.D., Chairman Henry C. Sweany, M.D. 
35 Fair Oaks Avenue Southwest Florida TB Sanatorium 
Newtonville 60, Massachusetts Box 695, R. 4 


Tampa, Florida 


Ezra R. Bridge,"M.D. 
Veterans Administration Hospital 
Batavia, New York 


Committee on Program Development 


Kirby 8. Howlett, Jr., M.D., Chairman Herbert L. Mantz, M.D. 
Laurel Heights Sanatorium 618 Professional Building 
Shelton, Connecticut Kansas City 6, Missouri 


John B. Barnwell, M.D. H. McLeod Riggins, M.D. 
Chief, Tuberculosis Division 140 East 54th Street 

Veterans Administration New York 22, New York 
Washington 25, D. C. 


David A. Cooper, M.D. Jolgn H. Skavlem, M.D. 
1520 Spruce Street 2700 Union Central Life Building 
Philadelphia 2, Pennsylvania Cincinnati 2, Ohio 


tDonald 8. King, M.D. tJohn D. Steele, M.D. 
Hitchcock Clinic 1705 W. Wisconsin Avenue 
Hanover, N. H. Milwaukee 3, Wisconsin 


Julius L. Wilson, M.D. 
The Henry Phipps Institute 

Seventh and Lombard Streets 
Philadelphia 47, Pennsylvania 
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Joint Committee for the Study of Occupational Diseases of the Chest 
(With American College of Chest Physicians and Industrial Medical Association) 


ATS Representatives 
Raymond C. McKay, M.D. Abraham J. Russakoff, M.D. 
City Hospital 2915 Berwick Road 
Cleveland 9, Ohio Birmingham 5, Alabama 


Reginald H. Smart, M.D. 
Medical Office Building 
1136 W. Sixth Street 

Los Angeles 17, California 


Advisory Board 
1953-1954 


ALABAMA 
Robert K. Oliver, M.D. 


Montgomery Tuberculosis Sanatorium 


Montgomery 


ARIZONA 


Orin J. Farness, M.D. 
1535 North Tucson Boulevard 
Tucson 


ARKANSAS 


Philip T. Cullen, M.D. 
437 Donaghey Building 
Little Rock 


CALIFORNIA 


Gordon A. Diddy, M.D. 
Fresno General Hospital 
Fresno 


COLORADO 


Sidney H. Dressler, M.D. 
4633 E. Dartmouth Avenue 
Denver 


CONNECTICUT 


Maxwell O. Phelps, M.D. 
85 Jefferson Street 
Hartford 


DELAWARE 


Gerald A. Beatty, M.D. 
503 Delaware Avenue 
Wilmington 


DISTRICT OF COLUMBIA 


John W. Trenis, M.D. 
1150 Connecticut Avenue, NW 
Washington, D. C. 


FLORIDA 


Hawley H. Seiler, M.D. 
442 W. Lafayette Street 
Tampa 


GEORGIA 
Rufus Payne, M.D. 


University of Georgia Medical School 


Augusta 


IDAHO 


Kenneth A. Tyler, M.D. 
Idaho State TB Hospital 
Gooding 


ILLINOIS 


A. T. Cole, M.D. 
Outlook Sanatorium 
Urbana 


INDIANA 


Philip H. Becker, M.D. 
James O. Parramore Hospital 
Crown Point 


IOWA 

Leon J. Galinsky, M.D. 
Polk County TB Hospital 
Des Moines 
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KANSAS 


Andre Baude, M.D. 
1008 Kansas Avenue 
Topeka 


KENTUCKY 


Robert J. Dancey, M.D. 
State TB Hospital, District #} 
Madisonville 


LOUISIANA 


Sydney Jacobs, M.D. 
508 Medical Arts Building 
New Orleans 15 


MAINE 


Lloyd Brown, M.D. 
316 State Street 
Bangor 


MARYLAND 


Leon H. Hetherington, M.D. 
2411 N. Charles Street 
Baltimore 


MASSACHUSETTS 


David 8S. Sherman, M.D. 
171 Bay State Road 
Boston 


MICHIGAN 


Paul T. Chapman, M.D. 
Herman Kiefer Hospital 
Detroit 


MINNESOTA 

R. W. Backus, M.D. 
Nopeming Sanatorium 
Nopeming 


MISSISSIPPI 


Robert E. Schwartz, M.D. 
990 Hardy Street 
Hattiesburg 


MISSOURI 


Charles Brasher, M.D. 
Missouri State Hospital 
Mt. Vernon 


MONTANA 


F. I. Terrill, M.D. 

State Tuberculosis Sanatorium 
R. F. D. #1 

Deer Lodge 


NEBRASKA 


J. F. Gardiner, M.D. 
628 Medical Arts Building 
Omaha 2 


NEVADA 


C. Robert Locke, M.D. 
Chesnut and Fifth 
Reno 


NEW HAMPSHIRE 


Francis J. Kasheta, M.D. 
New Hampshire State Sanatorium 
Glencliff 


NEW JERSEY 


Harold 8. Hatch, M.D. 
Shonghum Mountain Sanatorium 
Morristown 


NEW MEXICO 


J. Gordon Strance, M.D. 
Medical Arts Square, NE 
Albuquerque 


NEW YORK 


James M. Blake, M.D. 
Glenridge Sanatorium 
Schenectady 


NORTH CAROLINA 


David T. Smith, M.D. 
Duke University Medical School 
Durham 


NORTH DAKOTA 


Paul Breslich, M.D. 
North West Clinic 
Minot 


OHIO 


Herman J. Nimitz, M.D. 
Dunham Hospital 
Cincinnati 
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OKLAHOMA UTAH 
Pe R. M. Shepard, M.D. George A. Spendlove, M.D. 
re | 306 Medical Arts Building State Capitol Building 
z Tulsa 3 Salt Lake City 
2 
* OREGON VERMONT 
University State TB Hospital 
e 9181 8. W. Sam Jackson Road Pittsford 


Portland 1 


iis PENNSYLVANIA VIRGINIA 
ts Robert V. Cohen, M.D. Edward 8. Ray, M.D. 
ad 255 8. 17 Street Medical College of Virginia 
Philadelphia 3 Richmond 
yeh RHODE ISLAND WASHINGTON 
William B. O’Brien, M.D. Daniel Zahn, M.D. 
State Sanatorium 1704 East 150 Street 
Wallum Lake Seattle 55 


SOUTH CAROLINA 


Rudolph Farmer, M.D. 
South Carolina Sanatorium 
State Park 


WEST VIRGINIA 


George F. Evans, M.D. 
122 South Sixth Street 


Clarksburg 
SOUTH DAKOTA 
William L. Meyer, M.D. WISCONSIN 
South Dakota State Sanatorium Helen Dickie, M.D. 
; Sanator 1300 University Avenue 
Madison 6 


TENNESSEE 
R. B. Turnbull, M.D. WYOMING 


TB Field Service Russell H. Kanable, M.D. 


West Tennessee District : : 
Sanat 


Memphis 


TEXAS BRITISH COLUMBIA 
John W. Middleton, M.D. Gordon F. Kincade, M.D. 
5018 Sherman 2647 Willow Street 


Galveston Vancouver 
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Present Objectives and Policies of the American Trudeau Society in the 
Field of Medical Education and the Role and Responsibility of the Committee 
on Medical Education.’ 


The role of the Committee and its subcommittees is directly concerned with a major 
objective of the Society, namely, the CONTINUING IMPROVEMENT OF MEDICAL EDUCATION 
IN THE FIELD OF CHEST DISEASES. The Committee has the following responsibilities: 

1. Selecting and defining objectives of medical education in our field 

2. Evaluating current programs 

3. Developing and recommending changes in existing programs 

Our interests and efforts should be concerned with instruction and training at all levels: 
1. The undergraduate 

2. The internship and resident 

3. The fellowship 

4. The postgraduate 


Guiding Principles 

Certain fundamental principles and considerations should serve to guide and direct 
| our endeavors in the four categories mentioned. These are: 

1. The practice of scientific medicine and the pursuit of useful and productive re- 
search in diseases of the chest are inherently and inseparably related to sound prepara- 
tion in the basic sciences, in the broad field of internal medicine, and in the acquisition of 
special knowledge, skills, and techniques in this field. 

2. Medical education of a high order is a continuing process; hence the necessity of 
competent instruction and training at the undergraduate, the graduate, and postgraduate 
Jevels. 


Objectives 

Our major objectives may be considered as primary and secondary. The primary ob- 
jective should be to interest all medical schools and students in this segment of internal 
medicine. The secondary objective should be the encouragement of a limited number 
of promising young physicians to acquire special knowledge, understanding, and skills 
in this group of diseases after the completion of their training in the broader field of inter- 
nal medicine. Our primary aims can be accomplished by proper stimulation and instruc- 
tion at the undergraduate level; our secondary objectives, as a result of more prolonged and 
intensive training at the resident, fellowship, and postgraduate levels. The primary 
objective is largely the responsibility of medical schools and their faculties; the secondary 
objective is that of teaching hospitals, research laboratories, special institutes, and certain 
tuberculosis hospitals and chest services. 

It should be the continuing duty and responsibility of our Society, working through its 
Medical Education Committee and ils several subcommittees, to make every effort to encourage 
medical schools, teaching hospitals, research laboratories, and tuberculosis hospitals to carry 
out their educational responsibilities in this field. The achievement of our purposes will 
remain complex and difficult since competition is becoming increasingly keen between 
all teaching departments for more time, more teaching personnel, more teaching funds 
and, to some extent, more facilities. Since the curriculum time is sharply limited, the 
physical facilities and clinical material, adequate to fairly adequate in most schools and 


' The objectives and recommendations as expressed in this report concerning medical 
education were accepted and became the policy of the Society at the annual meeting of the 
Council in Los Angeles, May 17, 1953. 
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teaching hospitals, it appears that the Committee might best achieve its major objectives 
(a) by assisting medical schools to attract additional full or part-time teachers to this field, 
(b) by aiding the schools to obtain additional funds for these teachers, (c) by stimulating 
greater interest in and enlarging and improving our fellowship program. 

Greater interest in the undergraduate teaching program in chest diseases cannot be 
accomplished without general acceptance of the sound philosophy that chest diseases 
can be properly taught only as a segment of the whole field of internal medicine in rela- 
tionship to the basic sciences and in an environment of scientific research. A competent 
internist-teacher with special training and a major interest in chest diseases should or- 
ganize and correlate the teaching in this field in every medical school. It is believed that 
this philosophy should become the basic policy of the Society. If this philosophy and 
policy are officially adopted by the Society, a program directed toward their fulfillment 
should be put into operation. (This recommendation was accepted by the ATS Council 
and, therefore, becomes the official policy of the Society.) 

Steps toward the achievement of these goals should be taken in an orderly manner 
and according to well-conceived plans. The approach to medical schools should be on a 
personal and individual basis. Following a thorough evaluation of the present study of 
the status of undergraduate teaching in chest diseases, an early and probably the next 
step by the Committee might be to consider with the Director of Medical Education the 
advisability of approaching the professors of medicine and deans of those schools having 
the greatest need for improvement in undergraduate instruction in chest diseases. The 
approach would be made primarily to discuss the particular problems of the individual 
school. The Director could also acquaint the professor of medicine with the policy and 
activities of the Society concerning the need of improving instruction and training in 
chest diseases. Should opportunity present itself, the Director might also wish to inform 
the medical school concerning the Committee’s findings relative to the different methods 
and quality of teaching in this field in general. The Director might also wish to mention 
the possibility of assistance from the National Tuberculosis Association, the American 
Trudeau Society, and the constituent tuberculosis associations in the area of the medical 
school provided, of course, the school is willing to make its maximum contribution. Sub- 
sequent cooperation between the medical school, the Committee, and related organiza- 
tions would depend upon the results of the initial conference. Jt is further recommended 
that the Director of Medical Education, after consultation with the chairman of the parent 
committee and regional subcommittees and, preferably, in conjunction with the Field or Execu- 
tive Secretary, visit all medical schools or, at least, those thought to be most in need of improving 
instruction in chest diseases. 

Studies now well along should indicate those schools doing adequate to superior teaching 
and those doing relatively inferior or limited teaching in the field. Available information 
shows that some schools are doing outstanding teaching in this field; and others, limited or 
inferior teaching. Many are doing a much better job than is generally known. The data 
also suggest that improvements can best be made in the quality rather than the quantity 
of teaching. 

It is also recommended that the Committee and the Society encourage its members to become 
more closely and better integrated with, and more active in, the broad field of internal medicine 
academically and in practice. The Committee, its regional subcommittees especially, and its 
slate representatives should make every effort to have members of the Society participate in 
scientific programs of organized medicine at all levels—national, regional, state, and local. In 
this way those specializing in the field can exert a greater educational influence in the broader 
field of internal medicine. 

Finally, the Committee, its subcommittees, the Society, and the NTA should continue 
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to emphasize the fact that optimum tuberculosis control can be attained only by gaining 
and holding the interest of all physicians in diseases of the chest and by retaining the 
interest and close cooperation of those specializing in the field. This should be emphasized 
not only by the ATS but more particularly by the NTA and its constituent associations 
until medical education has become as much a part of the antituberculosis movement as 
health education. 

Postgraduate Courses 


A few brief comments regarding past efforts in this field may suggest possible leads 
for the future. Activities by the Committee and its subcommittees in the postgraduate 
field have consisted mainly of (a) the combined (medical, surgical, and laboratory) re- 
fresher courses usually of a week’s duration, (6) courses on cardiopulmonary function, 
and (c) Pembine, Koppa, or case conferences. There appears to be more real interest in, 
and a greater demand for, courses on cardiopulmonary function and conferences of the 
Pembine, Koppa, or case type than the usual refresher course. /t is recommended, therefore, 
that all regional subcommittees get together at the time of the annual meeting of the Society and 
at other times, if necessary, to discuss plans regarding postgraduate courses and conferences 
in their areas during the ensuing year. 


The Fellowship Program and Grants to Medical Schools 


Despite the fact that the fellowship program is still in its infancy, it has shown, during 
recent months, increasing vigor and signs of becoming one of the most fruitful activities 
of the Society in the field of medical education. Ten Fellows have filed applications for 
fellowships during recent months. This is in sharp contrast to three applications filed 
during the past fiscal year. This increase in interest is apparently related to a letter sent 
to medical schools and teaching hospitals calling attention to the availability of a limited 
number of fellowships. /t is recommended that similar letters of notification be sent out peri- 
odically if efforts to recruit gualified physicians to this field are to succeed 

With fellowship stipends ranging from $2,400 to $3,200, it is readily apparent that a 
fellowship budget of $8,000, even if matched with funds from state and local associations, 
is totally inadequate if the fellowship program is to expand in relation to the obvious 
need of continuous recruitment of promising physicians to this field. /t is therefore recom- 
mended that the Committee on Medical Education and the Fellowship Committee give con- 
sideration to the advisability of requesting a larger budget item for the fellowship program in 
the future. A minimum of $25,000, with even further assistance from constituent associa- 
tions, will probably prove inadequate. 

The following are also recommended: That the Director of Medical Education and the 
Chairman of the parent committee in cooperation with the chairmen of the Fellowship and 
Regional Subcommittees, and their NCTW representatives, the tuberculosis association secre- 
taries and, possibly, the state Advisory Board members develop suitable plans and procedures 
for the purpose of keeping in constant touch with officers and executives of local and state 
tuberculosis associations and Trudeau societies in order to acquaint, stimulate, and promote 
greater interest in the Medical Education program on the part of responsible individuals at 
the local level; that written requests be made to the proper officers and executives of state and 
local tuberculosis associations asking that their boards of directors consider the advisability of 
budgeting a limited amount of funds for (a) the specific purpose of teaching-resident fellowships 
for candidates within their states and localities, and (b) for limited teaching grants to needy 
medical schools within their respective areas. It is further recommended that the availability 
of fellowships and limited grants to faculty members teaching chest diseases be given adequate 
publicity through various media, including letters to medical schools, teaching hospitals, and 
tuberculosis hospitals within the state and locality concerned. 
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Teaching Resident Fellowships 


It is also recommended that the Teaching-Resident Fellowship Subcommittee review and 
appraise all fellowship applications, whether the fellowship is to be financed jointly or on the 
local or state level and, if requested, advise regarding the possible placement of suitable candi- 
dates. It is further recommended after receipt, review, and tentative approval of applications 
that the Teaching-Resident Fellowship Subcommittee, through the Director of Medical Educa- 
tion, reach the proper local and state tuberculosis association authorities with the view of de- 
termining whether or not the local or state association would be willing to finance the fellowship 
jointly or alone. If the local or state association is unable to finance the fellowship alone, it is 
recommended that efforts be made to arrange a cooperative or joint fellowship; the grant to be 
shared by the local, state, and the NTA. 

Promotion of the idea of better medical education in the field of chest diseases and 
the assistance of the Field or Executive Secretary through personal contacts with officers 
and board members of local and state tuberculosis associations, regional and state Trudeau 
societies should be of the greatest value in this and other cooperative activities. /t is recom- 
mended that a very significant part of the Execute Secretary's time be devoted to the 
activities of the Committee on Medical Education and its several subcommittees. The 
Division of Medical Education could effectively use all of its time acquainting the local 
and state tuberculosis associations and the state regional Trudeau groups with the official 
policy and objectives of the Society in matters of medical education. Once the ‘“‘coopera- 
tive’”’ idea of sharing in medical education becomes generally known, it is hoped that it 
may become “communicable” if not outright “contagious.” It is predicated that the idea 
will become at least contagious and beneficially chronic if the germ is widely and effectively 
disseminated and the soil properly fertilized and tilled by the parent committee, regional 
and other subcommittees, the Director of Medical Education, and the Executive Secre- 
tary. Should this expectation be realized only in part and isolated Fellows appear, say, a 
Fellow-a-state-a-year, this would quadruple the present fellowship program. All and more 
could be effectively used in the achievement of our major objectives, namely: 


. Improvement of medical education and training in chest diseases at all levels 

. Wider participation of the medical profession, its local, state and national 
societies in the field of chest diseases 

. The practice of modern and scientific medicine in this field 

. More effective tuberculosis control 


Regional Subcommittees 


South Eastern Region 


North Carolina 
South Carolina 
Tennessee 


North Eastern Region 


Alabama 
Florida 


New Jersey 
New York 


Connecticut 
Delaware 


Maine 
Maryland 
Massachusetts 
New Hampshire 


North Central Region 


Illinois 
Indiana 
lowa 
Kansas 
Michigan 
Minnesota 


Pennsylvania 

Rhode Island 
Vermont 

District of Columbia 


Missouri 
Nebraska 
North Dakota 
Ohio 

South Dakota 
Wisconsin 


Georgia 
Kentucky 
Mississippi 


Virginia 
West Virginia 


South Central Region 


Arkansas 
Colorado 
Louisiana 
New Mexico 
Oklahoma 
Texas 
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North Western Region 


Idaho 
Montana 
Oregon 
Washington 
Wyoming 


J. Burns AMBERSON 
KaTHARINE R. Boucor 
Rosert H. Brownina 
L. Cooke 
Joun Derrrick 

tH. Corwin Hinsnaw 
tSypney Jacoss 
Dantev E. JENKINS 
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South Western Region 


Arizona 
California 
Nevada 
Utah 


Respectfully submitted, 
M, M. Kirpy 
Joun A. Louis 
Ricuarp L. Ritey 
Joun H. SkaviLeM 
B. Tucker 
tEpwarp J. Weicn 
Crarence A. Wicks 


H. McLgop Ricans, Chairman 


t Ex-officio members 
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NOTES 


TELECOLOR CLINICS 


The American Cancer Society, in conjunction with the facilities of the Columbia 
Broadcasting System TV Network, will produce during 1953-1954 a series of closed-circuit 
television programs for doctors in general practice. 

The long-range objective of this project is to enlarge the pattern of nation-wide post- 
graduate medical education by inaugurating a pilot project of color television clinical 
presentations oriented to county medical societies. The immediate objective is to improve 
cancer cure rates by making available to the general practitioner knowledge of the most 
effective techniques in diagnosing and treating early cancer. 

The program content will be governed by the following objectives: 

1. To stimulate among general practitioners, who see cancer first, a recognition of 
the importance of their role in determining the outcome of cancer. 

2. To enhance the effectiveness of the practitioner in cancer control by: 
(a) increasing his knowledge of early cancer, 
(b) demonstrating the indications for and the techniques of diagnostic procedures, 
(c) giving him a firm basis for deciding critically where to refer the patient, should 

specialist care be required. 

3. To show methods and techniques of treatment and to analyze the results of such 
treatment. 

4. To promulgate knowledge of research advances and of subjects under investigation. 

There will be a series of thirty, one-hour closed-circuit Color Television broadcasts 
which will be viewed by practitioners in six major cities in the northeast—Boston, Phila- 
delphia, Pittsburgh, Detroit, Toledo, and New York—with the possibility that other cities 
will be added as the series progresses. All programs will originate in New York, from the 
Columbia-Presbyterian Medical Center and from the Memorial Center. The tentative 
starting date for the series is Wednesday, October 21, 5:00 to 6:00 p.m., from a studio in 
Frances Delafield Hospital at Columbia. Programs will be broadcast on alternate Wednes- 
days up to December 2, after which they will be presented weekly. 

In the New York area, the receiver will be located at The New York Academy of Medi- 
cine (Hosack Hall). 
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COLUMBIA-PRESBYTERIAN MEDICAL CENTER 
Date Representative Title 


1-6-54 Dr. Howard C. Taylor, Jr. The Diagnosis and Treatment of 
Uterine Cancer 


. Arthur Purdy Stout Sarcoma of Soft Parts 


1-20-54 Dr. Maurice Lenz Cancer of the Oral Cavity 
. Ernest Daland, Boston 


1-27-54 Dr. Maurice Lenz Cancer of the Larynx and Hypo- 
pharynx 


. William B. Parsons Cancer of the Thyroid 


. Arthur Purdy Stout 
Dr. Thomas Stevenson Cancer of the Skin 
. Maurice Lenz 


. Lawrence Pool 
. Thomas Bridges 


Cancer of the Central Nervous 
System 


. Alfred Gellhorn 
. Ruth Gutman 


Lymphomas and Leukemias 


. Alfred Gellhorn 


Dr. Maurice Lenz The Management of Advanced 
. Thomas Bridges Cancer 


Location of Giant Screen Receivers 
New York, N. Y.—Hosack Hall 
New York Academy of Medicine 
2 East 103 Street 

Boston, Mass.—Auditorium 

Children’s Cancer Research Foundation 

35 Binney Street 
Toledo, Ohio—Auditorium 

Academy of Medicine Bldg. 
3101 Collingwood Blvd. 
Philadelphia, Pa.—WCAU Auditorium 
City & Monument Aves. 

Pittsburgh, Pa.—Mellon Institute 

4400 Fifth Ave. 
Detroit, Mich.—Auditorium 

Masonic Temple 

500 Temple Ave. 
Dearborn, Mich.—Ford Rotunda 

Schaefer Highway & Rotunda Drive 
Further information may be obtained from the American Cancer Society, Inc., 47 

Beaver Street, New York, 4, N. Y. 
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PHTHISIOLOGIST WANTED IN KOREA 


Several Protestant mission boards are planning a coordinated preventive and curative 
tuberculosis program for Korea, which will consist of the establishment of a training 
center at the Severance Medical College in Seoul, the strengthening with personnel, 
equipment, and funds of the antituberculosis services of the mission institutions, and the 
organization of preventive measures. The missions are in urgent need of an experienced 
phthisiologist, who should be a member of the Protestant Church and willing to serve 
on a modest salary for a period of at least three years, to take charge of this project as 
director. Further information can be obtained from Douglas N. Forman, M.D., Secretary, 
Christian Medical Council for Overseas Work, Room 1111, 156 Fifth Avenue, New York 
10, N. Y. 

AWARD OF THE DEARHOLT MEDAL 


The Dearholt Medal was awarded to William H. Feldman, D.V.M., of Rochester, 
Minnesota, for his outstanding work done in the development of streptomycin. 


TEACHING-RESIDENT FELLOWSHIPS 

The American Trudeau Society, medical section of the National Tuberculosis Associa- 
tion, provides a limited number of fellowships to promote the training of clinicians, medical 
teachers, and administrators in the field of tuberculosis and related pulmonary diseases. 
The awards are open to citizens of the United States for work within this country. Prefer- 
ence is given to candidates not more than thirty years of age who have the degree of 
Doctor of Medicine. 

Awards are made for graduate study in internal medicine, with emphasis on diseases of 
the chest, in an approved hospital. Fellows are expected to assume some responsibility 
for the teaching of chest diseases to undergraduate medical students. The American 
Board of Internal Medicine will aecept one such year as a part of the prerequisite training 
for certification. 

Stipends are determined by individual circumstances and may vary from $2400 to $3200 
per annum, paid on a monthly basis. They are made for one year. Not more than two re- 
newals will be considered. Fellowship applications are considered at meetings of the 
Committee on Medical Education of the American Trudeau Society in October and April 
or May; to receive consideration at these meetings they must be received by September 
1 or April 1. Appointments may begin on any date determined by the Board at the con- 
venience of the applicant, who may elect the hospital in which he wishes to study and the 
staff member who will supervise his work. 

Further particulars concerning these fellowships may be obtained on request. 

Address communications to The Director of Medical Education, American Trudeau 
Society, Henry Phipps Institute, Seventh and Lombard Streets, Philadelphia 47, Pennsy]- 
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Get brilliant photographs ... 


With the Kodak Master View Camera, 4 x 5, you can be sure 
of brilliant results . . . sharp, clear, black-and-white photo- 
graphs—full-color transparencies that sparkle with detail . . . 
files full of material—close-ups, gross specimens, clinical 
studies, copies of drawings or charts—for teaching, research, 
reference and publication. 


Portion of dissected human lung iniected with latex, 
showing artery, vein, and alveoli. 


Get the Kodak Master View Camera, 4x5... 


Combines light weight, great rigidity and operating 
flexibility. Has revolving back, rising-falling front, 
horizontal and vertical swings and other adjustments 
Wide choice of Ektar lenses—all color-corrected—all 
with glass-air surfaces Lumenized. List price—camera, 
carrying case, holder—$145, subject to change with- 
out notice. Lenses extra, 


For the full story, see your Kodak dealer or write: 


EASTMAN KODAK COMPANY 
Medical Division, Rochester 4, N.Y. 


Complete line of Kodak Photographic Products 
for the Medical Profession includes: cameras 
and projectors —still and motion-picture; film 
—full-color and black-and-white (including 
infrared); papers; processing chemicals; micro- 
filming equipment and microfilm, 


Reor view of Camera 


showing revolving back 


Ik 
Serving medical progress through Photography and Radiography fal 
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PRECISION INSTRUMENTS ror 


SURGERY 


mproved models... 


\ew designs 


Th 857 Deep Thoracic Scissors——12" Long, Angular 
Long enough to keep the operator's hands out of the 
held of vision yet as easily handled as small scissors 
Degree of angulation is useful in any situation but not 
so great as to be awkward in a small space. Sater than 
curved scissors for cutting vase ular tissue 


Th 227A Rienhoft Modified Finochietto Rib Spreader 


Lighter and less bulky than standard models. Particu- 
larly useful in children, young adults and thin indi 
viduals where the regular Finochietto retractor may be 
somewhat cumbersome. Also useful as a sternum 
spreader 


4 blade sizes, all with 6" spread between blades 


Order direct from 


GEORGE P. 


Th 992 Finochietto Thoracic Forceps 

Double Utility Clamp—Mixter Type with Longi- 
tudinal Serrations and Easily- Threaded, Smoothly- 
Ground Eye. 

Has three useful functions: as a ligature carrier, a 
hemostat or a dissector. Of particular value in ligating 
vessels encountered during surgery of the esophagus. 
Length 25 cm 


Th 1118 Finochietto Needle Holder 

Angulation of tip facilitates suturing in deep areas in 
chest and abdomen. Can be turned at various angles to 
permit accurate placing of sutures when performing 
anastomoses. Particularly useful for esophago-gastric 
anastomoses deep in the chest at difficult angles. 


illing & SON COMPANY 


3451 


HEADQUARTERS FOR 


WALNUT STREET 


INSTRUMENTS 


PHILADELPHIA 


FOR THORACIC SURGERY 
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NEW ADVANCE IN COLLAPSE THERAPY 


P O LYSTA N PLOMBE 


POLYSTAN — a new, different high-molecular poly- 
ethylene plastic — used extensively and successfully 
abroad — is now available for the first time in the 
United States through Lakeside Laboratories. 
POLYSTAN PLOMBE Offers distinctive advantages 
over previously available materials. 


PERMANENT, INERT 
No foreign body reaction 
Unaffected by body fluids 


RETAINS POSITION 


IN CHEST— 

Does not shrink 

Fixed by ingrowth of connective tissue 
Moldable to any required shape 


NONOPAQUE TO X-RAYS 
Does not obscure fluid 


A technic of reducing 

size and changing shape 

of POLYSTAN PLOMBE. 
Excavation through Extrap i p ly I ci 
incision into wall. preserved. POLYSTAN PLOMBE in situ. 


Descriptive literature and complete bibliography available upon request. 


akesle , 
, INC., MILWAUKEE 1, WISCONSIN 
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30 NEW AND OUTSTANDING BOOKS ON 
TUBERCULOSIS and ALLIED DISEASES 


American College of Chest Physicans FUNDAMENTALS 
OF PULMONARY TUBERCULOSIS AND [TS COM- 
PLICATIONS. Edited by E. W. Hayes (Ist Ed. pub. 49), 
192 219 il, Cloth, 9.50 


American College of NONTUBER.- 

CULOUS DISEASES OF THE CHEST. Edited by A. L 

53), about 1120 pp., about 220 il 
Cloth, about $18.50 


Chest Physicians 


Banyai (Ist pub 


William F. Drea and Anatole Andrejew THE METABO- 
LISM OF THE TUBERCLE BACILLUS (ist Ed. pub 
53), 470 pp., 24 il, Cloth, $12.50 


TUBERCULOSIS AS IT COMES 
47), 230 pp., #2 il Cloth, $4.50 


Kdward W 
AND GOES (2nd Ed. pub 


Hayes 


IN THEORY 
Cloth, $4.00 


K. Irvine B.C.G. VACCINATION 
AND PRACTICE (ist Ed. pub. 49), 142 pp 


TUBERCULOSIS AMONG CHIL- 
51), 997 pp., 127 il., 
Cloth, $13.50 


J. Arthur 
DREN AND ADULTS (ard Ed. pub 


2508 references 


Myers 


J. Arthur Myers and C. A. McKinlay THE CHEST AND 
THE HEART (ist Ed. pub. 48), 1881 pp., 
1003 al 


in 2 volumes, 


Cloth, $25.50 


THE PATHOGENESIS OF TUBER. 
52), 1056 pp., 90 figs 


Arnold KR. Rich 
CULOSIS Ed. pub 
Cloth, $15.00 


Henry 8. Willis and Martin M. Cummings DIAGNOSTIC 
AND EXPERIMENTAL METHODS IN TUBERCU.- 
LOSIS Qad Ed. pub. 52), 408 pp., 41 il. Cloth, $10.00 


THIS IS YOUR WORLD (ist Ed. pub 
Cloth, $5.50 


Harry A. Wilmer 
52), pp, Bil 


PRINCIPLES, PROBLEMS AND 
THORACIC 
Paper, $0.75 


K. Beecher 
OF ANESTHESIA FOR 
52), 48 pp 


Henry 
PRACTICES 


SURGERY (lst Ed. pub 


Brock LUNG ABSCESS (ist Ed. pub. '52), 205 pp, 


Cloth, $7.75 


137 


RADIOLOGIC EXPLORATION OF THE 
40), pp, 220i Cloth, $10.75 


Di Rienzo 


BRONCHUS (let Ed pub 


LUNG CANCER (ist Ed. pub 53 
Cloth, about $4.75 


Seymour Parber 
about 168 pp, 


CYTOLOGIC DIAGNOSIS 
50), 90 pp., 60 full 
Cloth, $7.50 


Seymour M. Farber et al 
OF LUNG CANCER (let Ed pub 


color il 


CHARLES C THOMAS e@ PUBLISHER e 


(In writing to advertisers, please 


Sydney M. Friedman VISUAL ANATOMY: THORAX 
AND ABDOMEN (let Ed. pub. '52), 224 pp., 107 il 
Cloth, $10.50 


Galloway TREATMENT OF RESPIR- 
ATORY EMERGENCIES INCLUDING BULBAR 
POLIOMYELITIS (ist Ed. pub. '53), 112 pp., 9 il 

Lexide, $3.00 


Thomas C 


John 38. Gray PULMONARY VENTILATION AND 
ITS PHYSIOLOGICAL REGULATION (ist Ed 
110 pp., il Lexide, $2.50 


pub 


William Lerche THE ESOPHAGUS AND PHARYNX 
IN ACTION (ist Ed. pub. '50), 229 pp., 105 il 
Cloth, $6.50 


William 8. Miller 
240 pp., 185 il 


THE LUNG (2nd Ed., 2nd Ptg 
Cloth, $10.00 


William W. Mushin and L. Rendell Baker—THE PRIN- 
CIPLES OF THORACIC ANAESTHESIA (ist Ed 
54), 195 pp., 217 il Cloth, $0.50 


pub 


Richard H. Overholt and Lazaro Langer THE TECH- 
NIQUE OF PULMONARY RESECTION (2nd Revised 
Ptg. pub. '51), 224 pp., 122 il Cloth, $0.50 


PNEUMONIA (ist Ed. pub. 53), 
Cloth, $5.75 


Hobart A. Reimann 
232 pp., 18 il 


Florence E. Sammis-THE ALLERGIC PATIENT AND 
HIS WORLD (ist Ed. pub. 53), 172 pp., Bil 
Cloth, $4.75 


Maurice S&S. Segal THE MANAGEMENT OF THE PA- 
TIENT WITH SEVERE BRONCHIAL ASTHMA (ist 
Ed. pub. '3O), 168 pp., 4 il Cloth, $3.50 


William Snow PRINCIPLES IN ROENTGEN STUDY 
OF THE CHEST (ist Ed. pub. 46), 426 pp., 538 il 
Cloth, $10.50 


Heary C. Sweany AGE MORPHOLOGY OF PRIMATE 
TUBERCLES (ist Ed. pub. 41), 200 pp., 225 il 
Cloth, $6.00 


BRONCHIAL ASTHMA (ad Ptg pub So), 
Cloth, $10.50 


Leon Unger 
7” Mil 


DISEASES OF THE ESOPHAGUS 
Paper, $0.90 


Porter P. Vinson 


(iat Ed. pub. 47), 4 pp 


THE AUXILIARY HEART (ist Ed 
re Cloth, about $8.50 


William W. Wasson 


pub. 33), about 160 pp., 


SPRINGFIELD @ ILLINOIS @ U.S.A 
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this convalescent patient could gain 20 pounds 


palatable oral fat emulsion 


An unusually palatable dietary additive, EDIOL 

can be taken alone and also combined 

with a variety of foods. Just two tablespoonfuls 

q.i.d. of this delicious oral fat suspension 

provide 600 extra calories. For still higher caloric 
intake, more may be prescribed as required. 

EDIOL micronized emulsion of coconut oil (50%) and 
sucrose (124%), supplied in bottles of 16 fluid ounces. 


caloric boost without gastric burden 


New York 1, New York 
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THE AMERICAN REVIEW OF TUBERCULOSIS 
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‘PASMED' SODIUM 

INTERMEDICO BRAND OF 

“SODIUM PARA AMINOSALICYLATE 
TABLETS 0.5 GM. 


NOW AVAILABLE 


TABLETS PASMISON 
Each BUFFERED tablet combines 
SODIUM PARA AMINOSALICYLATE 0.5 GM. 
and ISONIAZID 12.5 MG. 


Write for samples and literature 


INTERMEDICO CORP. 


118 CHERRY LANE, FLORAL PARK, N.Y. 


Bindings for Review Copies 
In or eCVICW Opies 
THe American Review or Tusercucostis will bind current and back 
numbers of the Review in standard uniform cloth binding 
Cost of binding, $4.00 per binding 
Transportation and wrapping charges additional. 
Please fill in the order below. detach this page and mail to: 


American Review or Tusercucosts 
1790 Broadway, New York 19, N. ¥ 


Please fill my order for binding my Review volumes in the manner checked, supplying all the miss 


ing numbers 


} Original Articles and Abstracts of each volume separately at $8.00 per volume for binding 
C) Articles and Abstracts for one volume in one binding at $4.00 per volume for binding 
() Articles and Abstracts for entire year bound separately at $4.00 per binding 


| desire volumes* bound and have sent to you at the above address 
under the date of by Volumes 
Pp. or Expess 
Name 
ADDRESS 


* If you order Volumes XI and X11 bound and wish them combined, check here 
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th ANNIVERSARY 


NATIONAL TUBERCULOSIS ASSOCIATION 


Annual Meeting, Atlantic City, New Jersey, May 17-21, 1954 


The 50th Anniversary of 
the National Tuberculosis As- 
sociation will be celebrated at 
its Annual Meeting to be held 
in Atlantic City, New Jersey, 
May 17-21, 1954. 

Three adjacent hotels, the 


Hotels offering accommodations through the Atlantic City 
Convention Bureau and their rates are: 


AMBASSADOR, Boardwalk at Brighton Avenue 
Singles —$6.00-$18.00 Parlor Suites 
Doubles—$8 .00-$20 .00 

CHELSEA, Boardwalk at Morris Avenue 
Singles —$6.00-$12.00 Two Rooms—Connecting Bath— 
Doubles—$8 .00-$16 .00 $12.00-$18.00 


—$20 .'0-$45.00 


Ambassador, Chelsea and Ritz- 
Carlton, will serve as head- 
quarters. Sessions and confer- 
ences will be divided among 
the three hotels with no one 
hotel marked exclusively for 
medical or community service 
programs. 

Applications for rooms 
should be made directly to the 
hotel of choice. In the event 
that the hotel is unable to pro- 
vide the desired space, requests 
will be turned over to the Con- 
vention Bureau, which will 
clear requests with another one 
of the cooperating hotels. 


Singles 


Parlor Suites —$24 .10-$30.00 


EASTBOURNE, Paeific and Park Place 
Singles —$5.00-§ 7.00 Two Rooms—Connecting Bath— 
Doubles—$7 .06-$10.00 

FOX MANOR, 2720 Pacific Avenue 
Singles —$5.00-§ 8.00 
Doubles—$6 .00-$12.00 $15 .00-$25 .00 


$10 .00-$16 .00 


Two Rooms—Connecting Bath-— 


Three Rooms—Connecting Bath—$18 .00-$30.00 
Parlor Suites —$15 .00-$30.00 


MARK, 100 South Chelsea Avenue 
Singles —$5.00-$ 7.00 
Doubles—-$6 .00-$ 8.00 


Two Rooms—Connecting Bath— 
$14.00-$16.00 


Motel Rooms —$10.00-$16.00 


RITZ-CARLTON, Boardwalk at lowa Avenue 
—$6 .00-$ 8.00 
Doubles—$8 .00-$16 


Two Rooms—Connecting Bath— 
$20.00 


Parlor Suites —$35.00 


RATE $3.50 per insertion for 25 words or less; additional 
words—15 cents each. Bold face semi-display $5.00 per in- 
sertion for 25 words or less; additional words—20 cents 
each. Box number—75 cents extra. Employment Bu- 
reaus—¢10.00 per column inch. Remittance shoulc ac- 
company copy and be sent to: American Review of 
‘Tuberculosis, 280 Madison Ave., New York 16, N.Y. 


POSITIONS AVAILABLE 


Staff physician, 200-bed tuberculosis sanatorium located in Michi- 
gan. American or Canadian graduates only eligible for Michigan 
license. One-year approved internship Tuberculosis experience de- 
sirable but not essential. Salary $8,000 and up’depending on qual- 
ifications and experience. Box 131, American Review of Tubercu- 
losis, 280 Madison Avenue, New York 16, N. Y. 


MEDICAL OFFICER: Glenn Dale Sanatorium, the D. C, tuber- 
culosis hospital. Salary range, $7040 to $8040 per annum. Sick and 
anoua! leave and retirement benefits under U. S. Civil Service. 
One year’s approved training in pulmonary diseases and eligibility 
for D. C. license required. Overtime pay for work in excess of 40 
hours per week. Address inquiries to Superintendent, Glenn Dale 
Sanatorium, Glena Dale, Md. 


STAFF PHYSICIANS: 700-bed, modern state tub losis hos- 
pital, located in town 25,000. Experience not essential. Eligibility 
North Carolina license desired. Salary depends on qualifications. 
Apply Medical Director, Eascern North Carolina Sanatorium, 
Wilson, N.C. 


POSITIONS AVAILABLE AND WANTED 


APPROVED RESIDENCIES: for new RRP beds tcbercalosis 
division of large general hospital; complete medical, surgical, and 
pathological facilities; excellent training program; medical school 
affiliation; East coast city; available now and also July ist. Please 
address Box 132, American Keview of Tuberculosis, 240 Madison 
Avenue, New York 16, N. Y. 


FULL-TIME PHYSICIANS: for new 440-bed tuberculosis division 
of large general hospital in the East; available immediately ; associ- 
ated with two medica! schools for teaching purposes; «opportunity 
for research; complete surgical and pathological facilities; salary 
governed by training and experience. Please write Box 133, Anseri- 
can Review of Tuberculosis, 250 Madison Avenue, New York 16, 
N. ¥. 


Applications will be received for positions of Resident and Assist- 
ant Resident at Grace Dart Hospital, 6085 Sherbrooke St., East 
Montreal 5. Duties to commence July 1, 1954. Salary $3,000 and 
$2,400 respectively with full maintenance. Al! aspects of medica! 
and surgical treatment of tuberculosis. 145-bed hospital approved 
by American College of Surgeons. Apply to Medical Director. 


STAFF PHYSICIAN: 220-bed tuberculosis hospital using modern 
therapy, including extensive chest surgery. Annual stipend §6,55! 
-$7,800 with nominal deductions for apartment and maintenance, 
Qualified appointee may be sterted above first step. Apply Medical! 
Superintendent, Pine Camp Hospital, Richmond, Va. 
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young folks 
old folks” 


in-between folks: 


Three forms available: Oral Tablets (5 mg. 
(omg. per teaspoonful), Powder (for 


a 
4 
ea 
| : 
TARTRATE 
idicate: 
one: 4 poe 
Li 
wed 


